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TO 



RODERICK IMPEY MURCHISON, Esq. F.R.8. 

&c. &c. &c. 

PRESIDENT OF THE OEOLOOICAL SOCIETY. 

Iv the antunm of last year I sat down to write a few 
geological sketches for a newspaper; the accumulated 
&cts of twenty years crowded upon me as I wrote, and 
the few sketches have expanded into a volume. Permit 
me, honoured Sir, to dedicate this volume to you. Its 
imperfections are doubtless many, for it has been produced 
under many disadvantages; but it is not the men best 
qualified to decide regarding it whose criticisms I fear 
most ; and I am especially desirous to bring it under your 
notice, as of all geologists the most thoroughly acquainted 
with those ancient formations which it professes partially 
to describe. I am, besides, desirous it should be known, 
and this, I trust, from other motives than those of vanity, 
that when prosecuting my humble researches in obscurity 
and solitude, the present President of the Greological So- 
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',y did not deem it beneaUi >'''" to evince an interest in 
tlie Tesnita to which tBey led, and to enconrage and aesist 
the inquirer with hia advice. Accept, honoured Sir, my 
sincere thouka for your kindness. 

Smith, the fiithor of English GSeology, loved to remark 
that he had been bom upon the Oolite, — the formation 
whose various deposits he was the first to distinguish and' 
describe, and from which, as from the meridian line of tlia 
geographer, the geological scale baa been gradtmted on 
both sides. I have thonght of the circiimstmice when, oq 
visiting in my native district the birth-place of the author 
of the SUuTtaih SstUm, I found it situated among the more 
ancient fossiliferaaa rocks of the north of Scotland, — tha 
Lower Formation of the Old Red Sandstone spreading out 
beneath and around it, and the first-formed deposit of the 
Bystem, the Great Conglomerate, rising liigh on the neigh- 
bouring hills. It is unquestionably no alight advantage tO 
be placed, at that early stage of life when the mind col- 
lecta its facts with greatest avidity, and the curiosity ia. 
most active, in localities where there is mnch to attract 
observation that has escaped the notice of others. Lik» 
the gentleman wliom I have now the honour of address- 
ing, 1 too was bom un the Old Bed Sandstone, and firat 
broke ^ouud as an inquirer into geological fuct in a for- 
maliou scarce at all known to the geologist, and in which 
there still remains much for future discoverei 
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and describe. Hence an acquaintance, I am afraid all to7 
slight, with phenomena which, if intrinmcally of interest, 
may be found to have also the interest of novelty to re- 
commend them, and with organisms which, though among 
the most ancient of things in their relation to the world's 
history, will be pronounced new by the geological reader 
in their relation to human knowledge. Hence, too, my 
present opportunity of subscribing myself, as the writer of 
a volume on the Old Red Sandstone, 

Honoured Sir, 

With sincere gratitude and respect. 

Your obedient humble Servant, 

HUGH MILLER. 



Edinburob, il&y 1, 1841. 
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BRITISH ASSOCIATION FOR THE ADVANCEMENT 

OF SCIENCE. 
Wednesday, September 23, 1840. 

SECTION C— 6EOLOOT AND PHYSICAL OEOGRAPHT. 

Mr Lyell in the Chair. 

*' Mr Murchison gave an account of the inveBtigations and 
discoveries of Mr Hugh Miller of Cromarty (now Editor of 
the Witness Jt in the Old Red Sandstone. Various members 
of a great family of fishes, existing only in a deposit of the 
Tery highest antiquity, had been discovered by Mr Miller, Dr 
Fleming, Dr Malcolmson, and other gentlemen. M. Agassiz 
had found these fishes to be characterized by the peculiarity 
of not having the vertebral column terminated at the centre 
of the tail, as in the existing species, but at its extremity. 
He spoke in the highest terms of Mr Miller's perseverance 
a&d ingenuity as a geologist. With no other advantage than 
a common education, by a careful use of his means, he had 
^n able to give himself an excellent education, and to ele- 
vate himself to a position which any man in any sphere of life 
ought well envy. Mr Murchison added, that he had seen some 
of Mr Miller's papers on Geology, written in a style so beauti- 
^and poetical, as to throw plain geologists like himself into 
the shade—CCheers). The fish discovered by Mr Miller, one 
w two fine specimens of which were on the table, was yet 
^thont a name ; and perhaps M. Agassiz, who would now fa- 
vour them with a description of the class to which it belonged, 
^ould assign it one. 

M. Agassiz stated, that since he first saw, five or six years 

^0, the fishes of the old deposits, they had increased to such 

^ extent as to enable them to connect them with one large 

geological epoch. This had been still farther established by 

their having been found in the same formation by Mr Mtir- 

^hison in Russia, and Mr Miller in Ross-shire. These fishes 

* *^Qre characterized in the most curious way he had ever seen. 

*J*ter briefly adverting to their peculiarities, as illustrated by 

J^^ specimens on the table, M. Agassiz proposed to call Mr 

^^Uer's the Pterichthys Milleri, In the course of a subset 

^^ent conversation, the learned Professor added, that in 

. ^^ly examining the eggs of the salmon, he had observed that 

?^ the foetal state of these fishes they have that unequally- 

^^ded condition of tail which characterizes so Wg'ft ^k'^ot- 



tioD of tbe Gabes in tbe older stiata, and which becomes so 
rare in tbe Ibhss of tbe eretaoeoaa and poat-cTstaceoDE fot- 
mations. 

" Dr Bnclilsjid said lie lisd never been su mucli aitUiniGhed 
in bis life by the powers of any man as lie bad been by tbe 
geological desoriptions of lie Miller, nbicb hod been Bbown 
to him in the TVifness newspaper b; bis friend Sir C. Menteath. 
That wonderful man described these objaDtS with a felicity 
nhicb made him ashamed of the comparatire meagreaess and 
poverty of Ma own description in the Bridgewaler Trealite, 
which had cost bim hours and days of labour. He (Dr B,] 
would give his left hand to posseas anoh powers of description 
as this maji ; and if it pleased Providence to spare bis nseful 
life, he, if any one, woald certainly render the science attrac- 
tire and popular, and do equal serrice to Theology and Geo- 
logy. It must be gtatifyioR to Mr Miller to hear that hia dis- 
covery had been assigned his own name by such an eminent 
authority as M. Agassiz ; and it added another proof of the 
volae of the meeting of the Association, that it had contri- 
buted to bring such a man into notice. 

" It was mentioned by Mr MarcMson, that Lady Camming 
Gordon has come forward as a distinguiabed and sucoessfal 
tjeological iureatigator in the north of Scotland."~i-'roin Ihe 
" ScotlUh Gwardian." 
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NOTE TO THE SECOND EDITION. 



The new matter in the present edition does not much 
exceed fifteen pages. It chiefly refers, however, to the 
least-known portion of the system, — that middle formation 
to which the organisms of Bahnddery and Carmylie belong, 
and which has its representative in England and Wales in 
the immensely developed Comstones. And hence, per- 
haps, some little degree of interest in those few additional 
pages, proportioned to the novelty of the information which 
they convey. A print has also been added illustrative of 
this portion of the work. It represents two of the more 
characteristic organisms of Forfarshire, — the reticulated 
markings of Carmylie, and one of the terminal flaps of its 
gigantic crustacean. 

If I have been thus enabled to add but little, I have 
found occasion to alter less. One or two slight hints 
thrown out in the former edition, to direct the attention of 
the reader to matters merely conjectural, have given place 
in the present to the facts, now ascertained, at which the 
conjectures pointed. A few of the other alterations are 
indicated in the preface, that of the first edition, which, as 
it marks the progress of the work, I have deemed it pro- 
per to retain. — Through a mistake which occurred in 
figuring the prints, the two last are numbered IX. instead 
of IX. and X. The plate number X. referred to in the 
text is the plate at page 196, containing, among other 
figures, that of the CephcUaspis Lydlii. 

March 1842. 



PREFACE 



TO THE FIRST EDITION. 



Nearly one-third the present volume ap- 
peared a few months ago in the form of a se- 
ries of sketches in the Witness newspaper. A 
portion of the first chapter was submitted to 
the public a year or two earlier, in Chambers'" 
Edinburgh Journal. The rest, amounting to 
about two-thirds of the whole, appears for the 
first time. 

Every such work has its defects. The faults 
of the present volume, — faults all too obvious, 
I am afraid, — ^would have been probably fewer 
had the writer enjoyed greater leisure. Some 
of them, however, seem scarce separable from 
the nature of the subject : there are others for 
which, from their opposite character, I shall 
have to apologize in turn to opposite classes 
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of readerH. My facta would, in most inatancea, 
have lain cloaor had I written for geologiBts 
exclusively, and there would have been less 
reference to familiar phenomena. And had I 
written for only general readers, my descrip- 
tions of hitherto undescribed organisms, and 
the deposits of little-known localities, would 
have occupied fewer pages, and would have been 
thrown off with perhaps less regard to minute 
detail than to pictorial effect. May I crave, 
while addressing myself, now to the one class 
and now to the other, the alternate forbearance 
of each? 

Such is the state of progression in geological 
ecience, that the geologist who stands stilt for 
but a very little must be content to find him- 
self left behind. Nay, so rapid is the progress, 
that scarce a geological work passes through 
the press in which some of the etatomonta of 
the earlier pages have not to be modified, re- 
stricted, or extended in tho concluding ones. 
The present volume shares, in tliis respect, in 
what seems the common lot. In describing 
the Coccostms, the reader will find it stated 
that the creature, unlike its cotemporaiT the 
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Pterichthys^ was unfurnished with arms. Ere 
arriving at such a conclusion I had carefully 
examined at least a hundred different Coc- 
eostei ; but the positive evidence of one speci- 
men outweighs the negative evidence of a hun- 
dred ; and I have just learned from a friend in 
the north (Mr Patrick Duff of Elgin), that a 
Coccosteus lately found at Lethen-bar, and now 
in the possession of Lady Gordon Gumming of 
Altyre, is furnished with what seem uncouth 
paddle-shaped arms, that project from the head. 
All that I have given of the creature, however, 
will be found true to the actual type ; and that 
parts should have been omitted will surprise 
no one who remembers that many hundred 
belemnites had been figured and described ere 
a specimen turned up in which the homy pro- 
longation, with its inclosed ink bag, was found 
attached to the calcareous spindle; and that 
even yet, after many thousand trilobites have 
been carefully examined, it remains a question 
with the oryctologist, whether this crustacean 
of the earliest periods was furnished with legs, 
or creeped on an abdominal foot, like the snail. 

I owe to the kindness of Mr Robertson, In- 
h 
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verugio, the specimen figured in Plate V. i 
(.■ontaining shells of the only species yet disc 
vered in the Old Red Sandstone of Scotlandj 
They occur in the Lower Formation of the s 
tern, in a quarry near Kirkwall, in which tho' ' 
specimen figured, with several others of tlie 
same kind, was found by Mr Robertson in the 
year IBS*. In referring to this shell, page 9f),^ 
I have spoken of it as a delicate bivalve, mu4^|fl 
resembling a Yeaug ; drawing my illustration 
naturally enough, when describing the shell of 
an ocean deposit, rather from among marine 
than Huviatile teetacea. I have since submitte 
it to Mr Murchiaou, who has obligingly writte 
ine, that he " can find no one to say more i 
garding it than tliat it is very like a Cyclai 
He adds, however, that it must be an ocei 
production notwithstanding, seeing that all i 
cotemporariea in England, Scotland, and Rui 
sia, whether sliells or fish, are unequivocal^ 
marine. 

With the exception of two of the figures i 

Plate IX., the figures of the Cepkalaspis a 

tlie Iloloptychiite, and oue of the sections in thf 

■ Page 123 of theprt'Siiiit udition. 
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Frontispiece, section 2, all the prints of the 
volume are originals. To Mr Daniel Alexander 
of Edinburgh, — a gentleman who to the skill 
and taste of the superior artist, adds no small 
portion of the knowledge of the practical geolo- 
gist, — I am indebted for several of the draw- 
ings : that of fig. 2 in Plate V., fig. 1 in Plate 
VI., fig. 2 in Plate VHI., and fig. 3 and 4 in 
Plate IX. I am indebted to another friend 
for fig. 1 in Plate VIL Whatever defects may 
be discovered in any of the others must be at- 
tributed to the untaught efforts of the writer, 
all unfamiliar hitherto with the pencil, and with 
by much too little leisure to acquaint himself 
with it now. 
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SECTION I. 



Represents the Old Red System of Scotland firom its upper 
beds of Yellow Quartzose Sandstone to its Great Conglomerate 
base. a. Quartzose Yellow Sandstone, b. Impure concretion- 
ary limestone inclosing masses of chert, c. Red and yariega- 
ted sandstones and conglomerate. These three deposits con- 
stitute an upper formation of the system, characterized by its 
peculiar group of fossils (see Chapter IX.) d. Deposit of gray 
fissile sandstone which constitutes the middle formation of the 
system, characterized also by its peculiar organic gionp (see 
Chapter VIII.) e. Red and variegated sandstones undistin- 
gnishable often in their mineral character from the upper 
sandstones, c, but in general less gritty, and containing fewer 
pebbles. /. Bituminous schists, g. Coarse gritty sandstone. 
h. Great Conglomerate. These four beds compose a lower 
formation of the system, more strikingly marked by its pecu- 
liar organisms than eren the other two (see Chapters II. III. 
IV. and v. ) In the section this lower formation is represented 
as we find it developed in Caithness and Orkney ; in fig. 5 it 
is represented as developed in Cromarty, where, though the 
fossils are identical with those of the more northern localities, 
at least one of the deposits, /, is mineralogically different, — 
alternating beds of sandstone and clay, these last inclosing 
limestone nodules, taking the place of the bituminous schists. 

SECTION II. 

The Old Red System of England and Wales, as given in the 
general Section of Mr Murchison, with the Silurian Ro<^k& 
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beneath and the caJ'boniferons Umebton^ above, i. Tbe pomt 
ill the geotogical scale at wbicli vertebrat«d existencCB fint 
appear. The three Old Red SoDdstone formations of this ac- 
tion rarrespond in their characteristic fassila with those of 
Scotland, bat the proportions in vrhich tbe; are developed are 
widely diSerent. Tbe Tilestones seem a comparative!; nar- 
row stripe iu tbe system in BjigUnd : the answering forma- 
tion in Scotland, e,f, g, h, is of such enormous thickness tbst 
it has been held by very superior geologists te contain three 
distinct formations, — c, the New Red Sandstone, /, a repre- 
sentative of tbe Coal Measures, and g, h, the Old Red SanAxH 



Interesting case of extensive denudation from existing 
causes on the northern shore of tbe Moray Frith (see pages 
211 and '212). The figures and letters which mark the varioiu 
beds correspond with those of fig. .'i, and of the foltowiog sec- 
tion. The " fish-bed," No. 1, represents what the reader will 
find desoribed in pp. 268-272 as tbe " platform uf sudden 



lllnstration of a fault in the Btim of Eatbie, Cromartyshire 
(see pages 24!t and 249). 

Plate I. Fig. 1. Restoration of upper side of the elongated 
species of Pleriehtligs referred to in page 75. Tlie specimens 
from which this figure has bean chieHy taken are at present 
in tbe hands of Agaisiz, &om whom the writer lui£ not yet re- 
ceived the creature's specific name. Fig.2. PlBriehthg! Milleri. 
Fig. 3. Part of tail of elongated species, showing portion* of 
the original coveringof rhomboldal scales. Fig. i. Tubereuies 
ul PlertBhlhgi magnilied. 

Plate II. Fig. 2. Restoration of under aide of elongated 
I'terichthgi. Fig. 1. A second spei:imen of Ptericklkyn Mil- 
leri. Fig. 3. Portion of wing, natural aiie. 

Plate 111. Fig. 1. Cmxnsleua CHejiiilaiat. Fig. 2, ImpnE- 
sion of inner surface of large dorsal plale. Fig. It. Abdominal 
fo/cD^-shaped plate. Fig. i. PorUon of jaw with teeth. 
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Plate lY. Fig. 1. Restoration of Osteolepis, Fig. 2. Scales 
from the upper part of the body magnified. Fig. 3. Large 
defensive scale which runs laterally along all the single fins. 
Fig. 4. Under side of scale showing the attaching bar. Fig. 
5. Enamelled and panctnlated jaw of the creature. Fig. 6. 
Magnified portion of fin, showing the enamelled and punctu- 
lated rays. 

Plate Y. Fig. 1. Dipierus, This figure serves merely to show 
the place of the fins, and the general outline of the iehthyolite. 
All the specimens the writer has hitherto examined fail to 
show the minuter details. Fig. 2. Glyptolepis, Fig. 3. Single 
scale of the creature, showing its rustic style of ornament. 
Fig. 4. Scale with a nail-like attachment. Fig. 5. Under side 
of scale. Fig. 6. Magnified portion of fin. Fig. 7. Shells of 
the Old Red Sandstone. 

Plate YI. Fig. 1. Cheirolepis, Nov. Spec, Fig. 2. Magnified 
scales. Fig. 3. Magnified portion of fio. 

Plate YII. Fig. 1. Cheiraeanthtts. Fig. 2. Magnified scales. 
Figs. 3, 4, 5, 6, 7, 8. Yegetable impressions of the Old Red 
Sandstone. 

Plate YIII. Fig. 1. Iehthyolite not yet furnished with a 
name. Fig. 2. Diplacanthus, Fig. 3. Magnified scales of fig. 1. 
Fig. 4. Spine of fig. 2, slightly magnified. 

Plate IX. Fig. 1. One of the tail flaps of the gigantic Crus- 
tacean of Forfarshire. Fig. 2. Reticulated markings of Car- 
mylie. 

Plate X. Fig. 1. Cephalctspis Lyellii, copied from Lyell's 
Elements of Geology. Fig. 2. Holoptychius NobilUsimus, 
copied OB a greatly reduced scale from Murchison*s Silurian 
System. Fig. 3. Scale of Holopiyehius, natural size. Fig. 4. 
Tooth of ditto, also natural size. These last drawn from spe- 
cimens in the colleetion of Mr Patrick Duff of Elgin. 
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OR 



THE OLD RED SANDSTONE. 



CHAPTER I. 

The Working-man's Tme Policy. — His only Mode of acqair> 
ing Power. — The Exercise of the Faculties essential to 
Enjoyment. — No necessary Connection between Labour and 
Unhappiness.— Narrative.— Scenes in a Quarry.— The two 
Dead Birds.— Landscape. — Ripple Markings on a Sandstone 
Slab. — Boulder Stones. — Inferences derived from their 
water- worn Appearance. — Sea-coast Section. — My first- 
discovered Fossil. — Lias Deposit on the Shores of the Moray 
Frith. — Belemnite. — Result of the Experience of half a 
Lifetime of Toil. — Advantages of a Wandering Profession 

' in connection with the Geology of a Country.— Geological 
Opportunities of the Stone-mason.— Design of the present 
Work. 

My advice to young working men desirous to bet- 
ter their circumstances, and add to the amount of their 
enjoyment, is a very simple one. Do not seek happi- 
ness in what is misnamed pleasure ; seek it rather in 

A 



what is termed study. Keep youi conscience clear, 
your curiosity fresh, and embrace every opportunity 
of cuhivating your minds. You will gain uotliliig 
by attending Chartist meetings. The fellows who 
speak nonsense with fluency at these astu^mblies, and 
deem their nonsense eloquence, are totally unable to 
help either you or themselves*, or, if they do succeed 
ill helping themselves, it will be all at your expense. 
Leave them to' harangue unheeded, and set youisel' 
to occupy your leisure hours in making yourseli 
wiser men. Learn to make a right use of your eyes 
the commonest things are worth looking 
atones anil^veeds, and the moat famihar 
Reitd good books, not forgetting the best of all 
is more true philosophy in the Bible than in eveiy 
work of every sceptic that ever wrote ; and we would 
he all miserahie creatures without it, and none more 
miserable than yon. ' You are jealous of the uppet 
idasses ; and perhaps it is too true, that, with. 
good, you have received much evil at their 1ibii( 
It must be confessed they have hitherto been di 
comparatively little for you, and a great deal for them- 
selves. But upper and lower classes there must be, 
Hu long as the world lasts ; and there it only one way 
in which your jealousy of them can he well directed. 
Do not let them get ahead of you in intelligence. It 
would be alike unwise and unjust to attempt casting 
them doivn to your oini level, and no class would 
suffer more in the attempt than yourselves, for voii 
would only be clearing the way, at an immenBc ei- 
pense of blood, and under a tremendous pressure 
misery, for aaother and perhaps wor 
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with some second Cromwell or Napoleon at their 
head. Society, however, is in a state of continual 
flux : some in the upper classes are from time to time 
going down, and some of you from time to time 
mounting up to take their places, — always the more 
steady and intelligent among you, rememher ; and if 
all your minds were cultivated, not merely intellectu* 
cJly, hut morally also, you would find yourselves, as a 
hody, in the possession of a power which every charter 
in the world could not confer upon you, and which 
all the tyranny or injustice of the world could not 
withstand. 

I intended, however, to speak rather of the pleasing 
to he derived hy even the humhlest, in the pursuit of 
knowledge, than of the power with which knowledge 
in the masses is invariahly accompanied. For it is 
surely of greater importance that men should receive 
accessions to their own happiness, than to the influence 
which they exert over other men. There is none of 
the intellectual, and none of the moral faculties, the 
exercise of which does not lead to enjoyment ; nay, 
it is chiefly in the active employment of these that 
all enjoyment consists ; and hence it is that happiness 
bears so little reference to station. It is a truth which 
has been often told, but very little heeded or little 
calculated upon, that though one nobleman may be 
happier than another, and one labourer happier than 
another, yet it cannot be at all premised of their re- 
spective orders, that the one is in any degree happier 
than the other. Simple as the fact maf seem, if uni- 
versally recognized it would save a great deal of use- 
less discontent, and a great deal of envy. Will my 
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limitbler readers permit me at once to illustrate 
subject, nnd to introduce the chapters which folloi 
l)V a piece of simple narrative ? 1 wish to show them 
liow possible it is to enjoy mui^h happiBesa in very 
Hieau einploynients. Cowper tell us, that labour, 
tliottgh the primal curse, " lias been softened into 
mercy ;" and I think that, even had he not done so, 
t would have found out the fact lor myselK 

It was twenty years last February since I set oat 
.1 little before sunrise to make my first accjuaini 
with a life of labour and restrainl, and I ha' 
liad a heavier heart than on that morning. 
Iiut a slim, loose-jointed boy at the time — fond of the 
pretty intangibilities of romance, and of dreaming 
when broad awake; and, woful change ! I was now 
going to work at what Burns has^ instanced in hia 
" Twa Uogs," as one of the most disagreeable of all 
employments,^ — ^to work in a quarry. Bating the pass- 
ing uneasiness occasioned by a few gloomy anticipa- 
tions, tlie portion of roy lilb which bad already gone- 
liy had been happy beyond the common lot. I bad 
lieen a wanderer among rocks and woods, — a reader 
of curious books when I could get them, — a gleaner 
of old traditionary stories ; and now I was going to 
eschange all my day-dreams, and all my amusements, 
for the kind of life in which men toil CTeiy day that 
they may be enabled to eat, and eat tvcry day that 
tliey may be enabled to toil ! 

The quarry in which I wrought lay on the southern 
shore of a noltle inland bay, or frith rather, with a 
little clear stream on the one side, and a thick fir 
wood on the other. It had been opeued in the Old 
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Red Sandstone of the district, and was overtopped 
by a huge bank of dilavial claj, which rose over it in 
some places to the height of nearly thirty feet, and 
which at this time was rent and shivered, wherever 
it presented an open front to the weather, by a recent 
frost. A heap of loose fragments, which had fallen 
from above, blocked up the face of the quarry, and 
my first employment was to clear them away. Tlie 
friction of the shovel soon blistered my hands, but 
the pain was by no means very severe, and I wrought 
hard and willingly, that I might see how the hug9 
strata below, which presented so firm and unbroken 
a frontage, were to be torn up and removed. Picks, 
and wedges, and levers, were applied by my brother- 
workmen ; and simple and rude as I had been ac- 
customed to regard these implements, I found I had 
much to learn in the way of using them. They all 
proved inefficient, however, and the workmen had 
to bore into one of the inferior strata, and employ 
gunpowder. The process was new to me, and 1 
deemed it a highly amusing one : it had the merit, 
too, of being attended with some such degree of 
danger as a boating or rock excursion, and had thus 
an interest independent of its novelty. We had a 
few capital shots : the fi^gments flew in every di- 
rection ; and an immense mass of the diluvium came 
toppling down, bearing with it two dead birds, that 
in a recent storm had crept into one of the deeper 
fissures, to die in the shelter. I felt a new interest in 
examining them. The one was a pretty cock gold- 
finch, with its hood of vermilion, and its wings inlaid 
with the gold to which it owes its name, as unsoiled 
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und Btnootli as if it bad heen preserved for a museitntt 
The other, a somewhat rarer bird, of the woodpecfeot 
trihe, was variegated with light blue aud a grayish 
yellow. I was engaged in admiring the poor little 
things, more disposed to be sentimental, perhaps, tLun 
if I Lad been ten years older, and thinking of the 
eontrast between the ivarmth and jollity of their green 
sonimer haunts, and the eold and darkness of their last 
retreat, when I heard our employer bidding the work' 
men lay by their tools, I looked up, and saw the 
sua sinking behind the thick fir wood beside ua, and 
the long (lark shadows of the trees stretching down- 
ward towards the shore. 

This was no very formidable beginning of the 
of life I had so much dreaded. To be 
were a little sore, and I felt nearly as much &tigued 
as if I had been climbing among the rocks ; but 1 
had wrought and been useful, and had yet enjoyed 
the day fully as much as UEual. It was no small 
matter, too, that the evening, converted, by a rare 
tiansmutation, into the delicious "' blink of 
which Bums so truthfully descrilies, was all my onih 
I was as light of heart next morning as any of 
brother- workmen. There had been 
during the night, and the rime lay white on the grass 
as we passed onward through the fields ; but the sun 
rose in a clear atmosphere, and the day mellowed, 
as it advanced, into one of those delightful days of 
early spring, which give so pleasing an earuest of 
whatever is mild and genial in the better half of the 
year. All the workmen rested at mid-day. and 
went lo enjoy my half-Lour alone on a mossy kni^i 
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in the neighbouring wood, which commands through 
the trees a wide prospect of the bay and the opposite 
shore. There was not a wrinkle on the water, nor a 
cloud in the sky, and the branches were as moveless 
in the calm as if they had been traced on canvass. 
From a wooded promontory that stretched half-way 
across the Mth there ascended a thin column of 
smoke. It rose straight as the line of a plummet for 
more than a thousand yards, and then, on reaching 
a thinner stratum of air, spread out equally on every 
side like the foliage of a stately tree. Ben "Wevis 
rose to the west, white with the yet \mwasted snows 
of winter, and as sharply defined in the clear atmo* 
sphere, as if all its sunny slopes and blue retiring 
hollows had been chiselled in marble. A line of 
snow ran along the opposite hills; all above was 
white, and all below was purple. They reminded 
me of the pretty French story, in which an old artist 
is described as tasking- the ingenuity of his future 
son>in-law,* by giving him as a subject for his pencil 
a flower-piece composed of only white flowers, the 
one half of them in their proper colour, the other half 
of a deep purple, and yet all perfectly natural ; and 
how the yoimg man resolved the riddle and gained 
his mistress, by introducing a transparent purple vase 
into the picture, and making the light pass through 
it on the flowers that were drooping over the edge. 
I returned to the quarry, convinced that a very ex- 
quisite pleasure may be a very cheap one, and that 
the busiest employments may afford leisure enough 
to enjoy it. 
The gunpowder had loosened a large mass in one 
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of the inferior strata, and our firat employment, oB 
resuming our labours, was to raise it from its bed. 1 
asiisted the other workmen in placing it on ed»e, 
and was much atmeic by the appearance of the plat- 
form on which it had rested. The entire surface was 
ridged and furrowed hke a bank of sand that had 
lieen left by the tide an hour before. I could tnu* 
every bend and ciurvnture, every cross hollow and 
counter ridge, of the corresponding phenomena ; for 
tlie resemblimce was no half resemblance, — it was 
the thing itself; and I had observed it a hundred 
and a hundred times, when saihug my little Bchoonet 
ill the shallows left by the ebb. But what had be- 
come of the wares that had thus fi-etted the solid 
rock, or of what element had they been composed? 
1 felt as completely at fault as Robinson Crusoe did 
on his discoTering the print of the man's foot on the 
sand. The evening furnished me with still further 
cause of wonder. We raised another block in a dif- 
ferent part of the quarry, and found that the area of 
a circular depression in the stratum below was broken 
and flawed in every direction, as if it liad been the 
Itottom of a pool recenlly dried up, which had shrunk 
and split in the hardening. Several large stones came 
rolling doivn from the diluvium in the course of tlie 
aftenioon. They were of different <[ualitles from the 
sandstone below, and from oue another ; and, what 
was more wonderfijl still, they were all roimded and 
water-worn, as if they had been tossed about in the 
sea or the bed of a river for hundreds of years. 
There could not surely he a more conclusive ( 
that the bank wldch had enclosed them so long a 
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not have been created on the rock on which it rested. 
No workman ever manufactures a half-worn article, 
and the stones were all half-worn ! And if not the 
bank, why then the sandstone \mdemeath ? I was 
lost in conjecture^ and found I had food enough for 
thought that evening, without once thinking of the 
unhappiness of a life of labour. 

The immense masses of diluvium which we had 
to clear away rendered the working of the quarry 
laborious and expensive, and all the party quitted it 
in a few days, to make trial of another that seemed 
to j^omise better. The one we lefi; is situated, as I 
have said, on the southern shore of an inland bay, — 
the bay of Cromarty ; the one to which we removed 
has been opened in a lofty wall of cliflfe that over- 
hangs the northern shore of the Moray Frith. I 
soon found I was to be no loser by the change. Not 
the united labours of a thousand men for more than 
a thousand years could have furnished a better section 
of the geology of the district than this range of cliffs. 
It may be regarded as a sort of chance dissection of 
the earth's crust. We see in one place the primary 
rock, with its veins of granite and quartz, its dizzy 
precipices of gneiss, and its huge masses of home- 
blend ; we find the secondary rock in another, with 
its beds of sandstone and shale, its spars, its clays, 
and its nodular limestones. We discover the still 
little-known but highly interesting fossils of the Old 
Red Sandstone in one deposition ; we find the beau- 
tifully preserved shells and lignites of the Lias in 
another. There are the remains of two several cre- 
ations at once before us. The shore too is heaped 



with rollod iragmenta of almost every variety of rock, 
— liaaalts, ironstones, liypersCenes, porpliyries, bitumi- 
nous shales, an<] mieaeeous schists. In short, the 
young fjeoiogist, had he all Europe hefore him, could 
hardly choose for himself a, better field. I had, how- 
ever, no one to tell me so at the time, for geology had 
not yet trayelled so far north ; and so, vrithout guide 
or vocabulary. 1 had to grope my way as I best might, 
and find out all its wonders for myself. But so slow 
was the process, and so much was I a seeker in. the 
dark, that the facts contained in these few sentence! 
were the patient gatherings of years. 

In the course of'the first day's employment, I picfc 
up a nodular mass of Ijlue limestone, and laid it o 
by a stroke of the hammer. Wonderful to relate^fl 
contained inside a beautifully-finished piece 
ture, — one of the volutes appnrentl j of an Ionic c 
fal ; and not the far-famed walnut of the feiry U 
had I broken the shell and found the httle dog lyiiig~ 
within, could have surprised me more. Was there 
another such curiosity in the whole world ? I broke 
open a few other nodules of similar appearance, — for 
they lay pretty thickly on the shore, — and found that 
there might. In one of these there were what seemed 
to lie scales of fishes, and the impressions of a few 
minute bivalves, prettily striated ; in the centre of 
nnotlier there was actually a piece of decayed wood. 
< )f all nature's riddles these seemed to me to b 
onre the most interesting, and the most diffioul 
expound. I treasured them carefully up, and 
lold hv one o< the workmen to whom I showed then 
that iberc was a part of the shore about t 
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&rther to the west, where curiously-shaped stones, 
somewhat like the heads of hoarding-pikes, were oc- 
casionally picked up ; and that in his father s dajs the 
country people called them thimder-holts, and deemed 
them of soTereign efficacy in curing bewitched cattle. 
Our employer, on quitting the quarry for the building 
on which we were to be engaged, gave all the work- 
men a half-holiday. I employed it in visiting the 
place where the th\mder-bolts had fallen so thickly, 
and found, it a richer scene of wonder than I could 
have fancied in even my dreams. 

What first attracted my notice was a detached 
group of low-lying skerries, wholly different in form 
and colour from the sandstone cliffs above, or the pri- 
mary rocks a little farther to the west. I found they 
were composed of thin strata of limestone, alternating 
with thicker beds of a black slaty substance, which, 
as I ascertained in the course of the evening, burned 
with a powerful flame, and emitted a strong bitumi- 
nous odour. The layers into which the beds readily 
separate are hardly an eighth part of an inch in 
thickness, and yet on every layer there are the im- 
pressions of thousands and tens of thousands of the 
various fossils peculiar to the Lias. We may turn over 
these wonderful leaves one after one, like the leaves 
of a herbarium, and find the pictorial records of a 
former creation in every page. Scallops, and gry- 
phites, and ammonites, of aldost every variety pe- 
culiar to the formation, and at least two varieties 
of belemnite ; twigs of wood, leaves of plants, cones 
of an extinct species of pine, bits of charcoal, and 
the scales of fishes ; and, as if to render their pic- 



torial appearance more striking, though the leaves 
of this interesting volume are of a deep black, most 
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re of a. chalky whiteness. I 
m and asbjnisliment, and Ibund 
my yery imagination paralyzed by an assemblage 
of wonders, that seemed to outrival in the fantastic 
and the estravagaut, even its wildest conceptions. I 
passed on from ledge ti) ledge, like the traveller of 
the tale through the city of statues, and at lenglh 
found one of the supposed aerolites 1 had come in 
quest of, firmly imbedded in a mass of shale. But 1 
had skill enough to determine that it was other thaii 
what it had been deemed. A very near relative, who 
had been a sailor in his time on almost every ocean, 
and had visited almost every quarter of the globe, had 
brought borne one of these meteoric stones with him 
from the coast of Java. It was of a cylindrical shape 
and vitreous texture, and it seemed to have parted in 
the middle when in a half-molten state, and to have 
united again, somewhat awry, ere it had cooled enough 
to have lost the adhesive quality. But there wtts no- ' 
thing organic in its structure, whereas the atone I haJ 
now found was organised very curiously indeed. It 
was of a conical form and filamentary texture, the 
filaments radiating in straight lines from the centre to 
the circumference. Finely-marked veins like white 
threads ran transversely through tliese in its upper 
half to the point, while the space below was occupied 
by an internal cone, formed of plates that lay parallel 
to the base, and which, lite watch-glasses, were con- 
cave on the under side, and convex on the upper, 
learned in time to call this stone a belenmite, and bl 
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came acquainted with enough of its histoiy to know 
that it once formed part of a variety of cuttle-fish, 
long since extinct. 

My first year of labour came to a close, and I found 
that the amoiint of my happiness had not been less 
than in the last of my boyhood. My knowledge, 
too, had increased in more than the ratio of former 
seasons; and as I had acquired the skill of at least the 
common mechanic, I had fitted myself for 'independ- 
ence. The additional experience of twenty years 
has not shown me that there is any necessary connec- 
tion between a life of toil and a life of wretchedness ; 
and when I have found good men anticipating a bet- 
ter and a happier time than either the present or the 
past, the conviction that in every period of the world's 
history the great bulk of mankind must pass their 
days in labour, has not in the least inclined me to 
scepticism. 

My curiosity once fiilly awakened, remained awake, 
and my opportunities of gratifying it have been toler- 
ably ample. I have been an explorer of caves and 
ravines, a loiterer along sea-shores, a climber among 
rocks, a labourer in quarries. My profession was a 
wandering one. I remember passing direct, on one 
occasion, from the wild western coast of Ross-shire, 
where the Old Red Sandstone leans at a high angle 
against the prevailing Quartz Rock of the district, to 
where, on the southern skirts of Mid-Lothian, the 
Mountain Limestone rises amid the coal. I have 
resided one season on a raised beach of the Moray 
Frith. I have spent the season immediately follow- 
ing amid the ancient granites and contorted schists of 
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the central Highlands. In the north I have laid open 
hy thousands the shells and lignites of the Oolite ; in 
the south I hare disinterred trom their matrices of 
stone or of slidle the huge reeds and tree ferns of the 
Carboniferous period. I have been taught by experi- 
ence, too, how necessary an acquaintance with the 
geology of both eitremes of the kingdom in to the 
right understanding of the formations of either. In 
the north there occurs a rast gap in the scale. The 
Lias leans unconformably against the Old Red Sand- 
stone ; there is no Mountain Limestone, no Cool 
Measures, none of the New Red Marls or Sandstones. 
There are at least three formations omitted. But 
upper portion of the scale is well nigh complete. 
one locality we may pass from the Iiower to the Up* 
per Lias, in another from the Inferior to the Oreat 
Oolite, and onward to the Oxford Clay and the Coral 
Rag. We may explore in a third locality beds iden- 
tical in their oi^anisms with the Wealden of Sussex. In 
a fourth we find the flinla and fossils of the Chalk. 
The lower part of the scale is also well nigh complete. 
The Old Red Sandstone ia amply deTcloped in Mo- 
ray, Caithness, and Ross, and the Grauwucke very 
estensiTcly iu Banffshire. But to acquaint one's self 
with the three missing foimations, — to complete one'« 
knowledge of the entire scale by filling up the hiatus, 
— it is necessary to remove to the south. The geology 
of the Lothians is the geology of at least two-thirds 
of the gap, and, perhaps, a little more ; — the geology 
of Arran wants only a few of the upper beds of the 
New Red Sandstone to fill it entirely. 

Onv important truth I ivould tain preiw 
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attention of mj lowlier readers. There are few pro- 
fessions, however humble, that do not present their 
peculiar advantages of observation ; there are none, I 
repeat, in which the exercise of the faculties does not 
lead to enjojrment. I advise the stone-mason, for in- 
stance, to acquaint himself with Geology. Much of 
his time must be spent amid the rocks and quarries of 
widely separated localities. The bridge or harbour is 
no sooner completed in one district than he has to re- 
move to where the gentleman's seat or farm-steading 
is to be erected in another ; and so in the course of a 
few years he may pass over the whole geological scale, 
even when restricted to Scotland, from the Grauwacke 
of the Lammermuirs, to the Wealden of Moray or the 
Chalk-flints of Banfifshire and Aberdeen, and this, 
too, with opportunities of observation at every stage, 
which can be shared with him by only the gentleman 
of fortune, who devotes his whole time to the study. 
Nay, in some respects, his advantages are superior to 
those of the amateur himself. The latter must of^en 
pronounce a formation unfossiliferous when, after the 
examination of at most a few days, he discovers in it 
nothing organic ; and it will be fouiid that half the 
mistakes of geologists have arisen from conclusions 
thus hastily formed. But the working man, whose 
employments have to be carried on in the same for- 
mation for months, perhaps years together, enjoys 
better opportunities for arriving at just decisions. 
There are, besides, a thousand varieties of accident 
which lead to discovery, — ^floods, storms, landslips, 
tides of unusual height, ebbs of extraordinary fall ; 
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and the man who plies his labour at all seasons in the 
open air has by raucU the best chance of profiting bj 
these. There are formations which yieli their organ- 
isms slowly to the discoverer, and the pro()fB which 
establish their place in the geological scale even more 
tardily still. I was acquainted with the Old R«d 
Sandstone of Ross and Cromarty for nearly ten yean 
ere I had ascertained that it is richly fbssiliferous, — a 
discovery which, in exploring this fonnation in those 
localities, some of our first geologists had fdled to an- 
ticipate : I was acquainted with it tbr nearly ten yean 
more ere I could assign to its fossils their exact place 
in the scale. 

lu the following chapters I shall confine my o1 
vatiuns chiefly to thin system and its organisms, 
none of the others, perhaps, excepting the Lias of the 
north of Scotland, have I devoted an equal degree of 
attention ; nor is there a formation among them which, 
up to the present time, hasremwjied so much a terra 
incognita to the geologist. The space on both sides, 
has been carefully explored to its upper and lower 
boundary ; the space between has been suffered to 
remain well nigh a chasm. Should my facts regard- 
ing it — facts constituting t]ie alow gatherings of yeare- 
—serve as stcpping-atones laid across, until such 
time as geologists of greater skill and more extended 
research shall have bridged over the gap, I shall 
have completed half my design^ Should the work- 
ing man he encouraged hy ray modicum of success 
to improve his opportunities of observation, I shall 
have accomplished the whole of it. It cannot he t<M 
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extensively known, that nature is vast and knowledge 
limited, and t}iat no individual, however humble in 
place or acquirement, need despair of adding to the 
general fund. 
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CHAPTER TL ^M 

The Old Red Sandstone,— TiU very lalely its Eiirtencfl m^^ 

distinct Formation disputed. — Still little known. — Ita great 

ImtHirtance in the Geological Soale.^ — lUastration, — The 

North of Scotland girdled by sn immGnee Belt of Old R«d 

Sandstone. — Line of the Girdle along the CoafC Marks of 

Tast Denadatton.— Ita Extent partially indicated by Hills 
on the Western Coast of Rosa-shire.— Tha System of great 
Depth in the North of Scotland. -Difficuitiea in tho way of 
eatimoting the Thieknoss of DepositK — Psculiar Formation 
of nill.— Illiutratad by Ben Neris.— Caution to the Geo- 
logical Critid. — Lower Old Red Sandstone immensely de- 
veloped in Caithness.— Sketch of the Geology of that 
County.— lis strange Group of FogaJls. — Their pruseot place 
of Sepulture. — Their aneieut Habitat. — Agassic. — Atnaiing 
Progress of Fossil Ichthyology daring the lost few Yean. — 
Its Nomenclature.— Learned Names repel unlearned Read- 
ers.— Not a great deal in them. w 

" Thb Old Red Sandstone," says a Scotlisli geoUB 
gist, in a digest of some recent geological diacoveriet, 

which appeared a ehort time ago in an Edinburgli 
newspaper, '' has been hitherto considered as remark- 
ably barren of fossils." The remark is expressive of 
a pretty general opinion among geolo^ts of even the 
present time, and I quote it on this account. Only 
n few years have gone by since men of no low stand- , 
ing in the science dispnted the very existence of tl 
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fonnation — system rather, for it contains at least three 
distinct formations ; and, but for the influence of one 
accomplished geologist, the celebrated author of the 
Silurian System, it would have been probably de- 
graded from its place in the scale altogether. ^^ You 
must inevitably give up the Old Red Sandstone," said 
an ingenious foreigner to Mr Murchison, when on a 
visit to England about four years ago, and whose cele- 
brity among his own countrymen rested chiefly on his 
researches in the more ancient formations, — ^^ you 
must inevitably give up the Old Red Sandstone : it is 
a mere local deposit, a doubtful accumulation huddled 
up in a comer, and has no type or representative 
abroad." "I would willingly give it up if nature 
would," was the reply ; " but it assuredly exists, and 
I cannot." In a recently published tabular exhibition 
of the geological scale by a continental geologist, I 
could not distinguish the system at all. There are 
some of our British geologists, too, who still regard it 
as a sort of debateable tracf, entitled to no independent 
status. They And, in what they deem its upper beds, 
the fossils of the Coal Measures, and the lower gradu- 
ating apparently into the Silurian System ; and regard 
the whole as a sort of common, which should be 
divided as proprietors used to divide commons in 
Scotland half a century ago, by giving a portion to 
each of the bordering territories. Even the better-in- 
formed geologists, who assign it its proper place as an 
independent formation, furnished with its own organ- 
isms, contrive to say all they know regarding it in a 
very few paragraphs. Lyell, in the first edition of 
his admirable elementary work, published only two 
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years ago, devotes more tlian thirty pages to his dC' 
scription of the Coal Meaaures, and hut two and a, half 
to his notice of the Old Ked Sandstone.* 

* As the succinct notice of this distingnished geologint wtij 
terye as a sort of pocket-niBp to the reader in iadicBiting tha 
pOHitiun of tha sybt-sm, its three gre&t deposits, and ita extent, 
1 take tlte libertj of transferring it entire. 

" It naa stated that the Carboniferona formation was ini- 
mounted by one called the ' New lUd Sandstpne,' and nnder- 
laid bj another called the Old Red, which last waa formerly 
merged in the Carboniferous Sfsteio, but is now found to be 
diatingnishable by its fossils. The Old Red Sandstone is of 
enormous tbicknees in Herefordshire, Woreestershire, Sbrop- 
shire, and South Wales, where it is seen to orop out beneath 
the Cual-Measnres, and to repose on the Silurian Rocks. In 
that region its thickneES has been estimated by Mr Murchiion 
at no leaa than 10,000 feet. 

"let, A gnartuiae conglomerate, passing downwoida ii 
chocolate-red and green sandstone and marl. 

" 2d, Comstone and marl (red and green argillac 
marls, with irregular courses of impure concretionary lim«^ 
stone, proTincially called ComstoDe, mottled red and green; 
remains of fishes). 

" Sd, Tilestone (finely laminated hard reddish or green 
micaceous or qoartiuse sandstones, which split into tiles; 
remains of mollnaca and Salies). 

" I hare already ohserved that fossils are rare in marls and 
sandstones, in which the red onide of iron prevails. In tha 
Comstflue, however, of the counties abave-mentloned, Bgh« 
of the genera Cephalaspie and Onchna hare been discoTered. 
In the Tilestone also, Ichtliyodomlitea of the genus Onohvl 
have been obtained, and a species of Diptems, with moUmiift 
of the genera Avicnla, Area, Cncullfca, Terehratula, Lingnia, 
Tnrbo, Trochus, Tucritella, Bellerophon, Orthoceras, and 

" By cnnsuttlng geological maps the reader will perceive, that 
from Wales to the nortli of Scotland the Old Red Saudi 
appears in patches, and often in large tracts. Many SJt 
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It will be found, however, that thJB liitUnto nt- 
glecled system yields in importance to none of the 
ulliers, whether we fake into aceounl its amazinf; 
depth, the great extent to whii-h it is develupvd 1)oth 
at home and abroad, the interesting links which it 
&nuehes in the zoological si'ale, or the vast period of 
lime which it rejiresents. There are lociililies in 
which the depth of the Old Bed Sandstone fully 
equals the elerution of Mount Etna orer tlie level 
of the sea, and in which it contains three disfinet 
gronpes of organic remains, the one rising in beautiful 
progression over tlie other. Let the reader imaj^ne 
a digest of English history, complete from the times 
of the invaaion of Julius Ctestir to the reign of that 
' Marold who was slain at Hastings, and from the times 

have been found in it st Caitbnesa, and various organic n- 
nukins in the nortbem jiart of Fifesliire, wbere it eru|js uiit 
from beueatb the Coul fonnstigo, and apreads into tbe ad- 
joining nortbern balf of Forfarshire ; forming, together wilh 
trap, tbe Sidlaw Hillg and vallejof Stratbmure. A large belt 
of this formation skirts tbe northern borders of the Gram- 
pians, trora the sea-coast at SlunebBren and ths Fritb of Tar, 
lo tbe opposite western coast of the Fritb of Cl;(te. In For- 
&rshire, where, as in Herefordshire, it is maaj thousand feet 
thick, it maj be divided into three principal masies :— Ist, 
Hed and mottled marU, comstone, and sandstoue ; -Zi, COn- 
HneratBtoFten of vast thickness; Sd, Tilestones and pavitifi 
ne, bigbl}' micaceous, and containing a slight admiKtnre of 
arbonale of lime. In the oppermost of these divisions, but 
n the lowest, tbe remains of fish bare been found of 
) genns named hj M. Agassii, Cephalaspis or bnckler- 
sded, from tbe estraordinarj thield which covers the bead, 
had which has often been mistaken for that of a trilohite of 
in Asapbus. A gigantic species of fish of the genns 
bloptfcbius has also been found bf Dr Fleming in the Old 
' ad Sandstone of Fifeahlre." (L jell's Elemenlt, pp. 4S2, 3, 4,} 
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of Edward III. dnwn to the present day, but bearing 
no record of tlie Williams, the Henries, the Edwards, 
the John, Stephen, and Richard, that reigned during 
the omitted period, or of the striking and important 
events by which thmr several reigns were distinguished. 
A chronicle thus mutilated and incomplete would be 
no unapt representation of a geological history of the 
earth in which the period of the Upper Silurian 
ivould be connected with that of the Mountain Lime- 
stone, or of the limestone of Burdie House, and the 
period of the Old Red Sandstone omitted. 

The eastern and western coasts of Scotland which 
lie to the north of the Friths of Forth and Clyde, to- 
gether with the southern flank of the Grampians and 
the northern coast of Sutherland and Caithness, ' 
appear to have been girdled at some early period by 
immense continuous beds of Old Red Sandstone. At 
a still earlier time the girdle seems to have formed 
an entire mantle, which covered the enclosed tract 
from side to side. The interior is composed of what, 
after the elder geologists, I shall term primary rocks, — 
porphjTies, granites, gneisses, and micaceous Bchiats ; 
and this central nucleus, as it now exists, aeema set 
in a sandstone frame. The southern bar of the fi-ame 
is still entire : it stretches along tjie Grampians from 
Stonehavea to the Frith of Clyde. The northern bar 
is also well nigh entire : it runs unbroken along the 
whole northern coast of Caithness, and studs in three 
several localities the northern coast of Sutherland, 
leaving breaches of no very considerable extent be- 
tween. On the east there are considerable g 
along the shores of Aberdeenshire. The sandstoi 
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bowever, appears atGamrie, in the coiinly of Banff, 
a line parallel to the coast, and, after another in- 
temiptioD, follows the course of tbe Moray Frith far 
into the interior of the great Caledonian vaJley, and 
Shen, running northward along the shores of Cro- 
marty, Uoss, and Sutherland, joins, after another brief 
fajtermption. the northern bar at Caithness. Thr 
western hoi has also its breaches towards tbe south ; 
felt it stretches almost without interruption for alMJUl 
1 hundred miles from tbe near neighbourhood of" 
Cape Wraith to ihe southern extremity of Apple- 
b; and though greatly disturbed and overflown 
hy the traps of the inner Hebrides, it can be traced 
iby occasional patches on towards the southern bar. 
Jt appears on the northern shore of Loch Alsb, on 
fte eastern shore of LocJi Eichart, on the southern 
; of Loch EiL, on the coast and islands near 
Dban, and on the cast coast of Arran. Detached 
bills and island-like jUttches of the same formation 
1 several parts of the interior, far within the 
me at girdle. It capa some of (he higher summits 
n Satberlandshire ; it forma an oasis of sandstone 
DnoDg the priniaiy districts of Strathspey ; it riees on 
iie northern ^ores of Lochness in an immense mass 
if conglomerate, based on a smaU-grained red granite. 
a a height of about three thousand feet over the level ; 
knd on the north-western coast of Rosa-shire it ftimi« 
; immense insulated hills, of at least no lower 
rititude, that rest unconformably on a base of gneiss. 
There appear everywhere in connection with these 
patchjcs and eminences, and with the surrounding 
^rdle, marks of vast denudation. I have often stood 
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fronting the three Rosa-shire hills* at sunset in the 
finer summer evenings, when the clear light threw the 
shadows of their gigantic cone-like forma far over the 
lower tract, and lighted up the lines of their horizontAl 
strata, till they showed like courses of masonry 
pyramid. They seem at such times as if coloured by, 
the geologist, to distinguish them from the surr 
ing tract, and from the base on which they rest 
a common pedestal. The prevailing gneiss of the 
trict reflects a cold bluish hue, here and there speckled 
with white, where the weathered and lichened crags 
of intermingled Quarts-rock jut out on the hill-sides 
from among the heath. The three huge pyramids, 
on the contrary, fi/jm the deep red of the stone, seem 
flaming in purple. There spreads all around a wild 
and desolate landscape of broken and shattered hills, 
separated by deep and gloomy ravines, that seem the 
rents and fissures of a planet in ruins, and that speak 
distinctly of a period of convulsion, when upheaving 
fires from the abyss, and ocean-currents above, had 
contended in sublime antagonism, the one slowly ele- 
vating the entire tract, the other grinding it down 
sweeping it away. I entertain little doubt, that 
this loftier portion of Scotland, including the 
Highlands, first presented its broad back 
waves, the upper surface consisted esclusivoly, 
the one extremity to the other, — fixini Benlomond 
the Maidenpaps of Caithness, — of a contumous tract 
of Old Eed Sandstone, though, ere the land finally 
emerged, the ocean-currents of ages had swept it 
away, all eicq>t in the lower and last-raised bordt 
• Sail Veinn, Conl BcE, aod Cool Motb. 
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t the detached localities, where it Btill remains, 
the pyramidal hills of Western Ross-shire, to 
show the amazing depth to which it had onoe over- 
laid the inferior rocks. The Old Red Sandstone of 
Horvheim in Catthnesa overlooks all the primary hills 
of the district, from an elevation of three thousand 
five hundred feet. 

The depth of the system, on hoth the eastern and 
western coasts of Scotland, is amazingly great, — how 
great, I shall not venture to say. There are no cal- 
culations more doubtful than those of the geelogist. 
The hill just instanced, Morvheim, is apparently com- 
posed from top to bottom of what in Scotland forms 
'die lowest member of the system, a eoaree conglome- 
rate ; and yet I have nowhere observed this inferior 
jnember, when I succeeded in finding a section of it 
directly vertical, more than a hundred yards in thitk- 
alh the height of the hill. It 
unsafe' to infer, that the three 
thousand five hundred feet of altitude formed the 
real thickness of the conglomerate, as to infer that 
the thickness of the lead which covers the dome uf 
Bt Paul's is equal to the height of the dome. It is 
•Iways perilous to estimate the depth of a deposit by 
Ae height of a hill that seems externally composed 
of it, unless, indeed, like the pyramidal hills of Ross- 
■hire, it be unequivocally a hill dug out by denuda- 
tion, as the sculptor digs bis eminences out of the 
J. In most of our hills the upheaving agency 
been actively at work, and the space within is 
occupied by an immense nucleus of inferior rock, 
•round which the upper formation is wrapped like a 
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caul, just as the Tegotable mould or the diluTiig| 
wraps up this superior coTering in turn. One of n 
hest kuown Scottish mountains — the gigantic . 
Nevis — furnishes an admirable iUustration o: 
ter construcdou of hill. It is composed of three » 
or rings of rock, the one rising over and out of fl 
other, like the cases of an opera-glass drawn o 
Tlie lower zone is composed of gneiss and i 
— the middle zone of granite, — the terminating z 
of porphyry. The elevating power appears to h 
acted in the centre, as in the weli-kno«Ti case-j 
JoruUo, in the neighbourhood of the city of S 
where a level tract four square miles in extent t 
about the middle of the last century into a high da< 
of more than double the height of Arthur's 

* It is rarely that the geologist eatehes a till in the M 
FonniDK, and henae tbe interest of this well -attested ii 
From the period of the discovery of America to the m 
the laat century, the plains of Jornllo had underg 
change of anrfaee, and the seat of the prasant hill waa covered 
by plantations of Indigo and engar-cane, when, in June 1759, 
Lollow sounds were heard, and a saccession of earthquakes 
continned for sixty days, to the great consternation of the in- 
habitants. After the cessation of these, and in a period oC 
tranquillity, on the 28th and 29th September, a horrible anb- 
terranean noise was again heard, and a tract four square 
miles in extent rose up in the shape of a dome or bladder, to 
tbe beight of 167D feet above the original level of the plwn. 
The affrighted Indians ded to the monntains ; and from thenee 
looking down on the phenomenon, saw Sames issuing from the 
earth for miles sTonnd the newly-elevated bill, and the sof- 
tened surface rising and falling like that of an agitated sea, 
and opening into nunieroas rents and fissures. Two brooks 
whicli had watered tbe plantations precipitated tbemselvos 
into the bnming cbasms. The scene of this singular ei 
WM visited by Unmboldt about the begianiug of the prei 
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is tite formation of our Scottish mountain, the pieiss 
ai miis-elate of the district stem to harp been ii[>- 
Bired, during tho first period of Plutonic aiction in 
le localitj', into a rounded hill of uioderaie aliiiudc, 
iml uf huge Tjase- The upheaving power conlinuMl 
to operate, — the gneiss and mica-slate gave way atop, 
out of this lower dome (here arose a higher 
iome of granite, -which, in an after and terminating 
Jniod of the internal activity, gavL way in turn lo 
a third and last dome of porphyry. Now, hud 
: elevating forces ceased to opTute just ere the 
fisa and mica-slate had given way, we would hove 
tnown nothing of the interior nucleus of graiiile, — 
Bad they ceased just ere the granite had given way, 
ire would have known nothing of the yet deeper nu- 
ielpus of porphyry, — and yet the granite and the por- 
jhyry would assuredly have heen there. Nor could 
■any application of the measuring rule to the side of 
'&e hill have ascertained the thickness of its outer 
covering, — the gneiss and the mica schist. The geo- 
logists of the school of Wejner used to illustrate 
what we may t<Tm the anatomy of the earth, as seen 
through the spectacles of their system, hy an onion 
its coats : they represented the glohe as a central 

mnturj. At that period the volonii; sgencies bod bacome 
iparativel; qaiegce nt ; the hill, however, retained its oci- 

giual altitude ; a, namber of SEn>lter hills had sprung up 
flniid ■ it ; and the traveller fonnd the vtaters of the en- 
dpfaed rivulets escaping at a high temperature from carents 
larged with gnlpharous vapours and catbunia acid gas. 

There were inhabitants of the countrj living at the time, who 

-Itere more than tweut; years older than the hlQ of Jurulto, 
id who had iritneEaed its rise. 



52 THE OLD RED SANDSTONE. 

nucleus, encircled by concentric coverings, each cover- 
ing constituting a geological formation. The onion, 
through the introduction of a better school, has be- 
come obsolete as an illustration ; hut to restore it 
again, though for another purpose, we have merely 
to cut it through the middle, and turn downwards the 
planes formed by the knife. It then represents, with 
its coats, two such hills as we describe, — hills such aa 
Ben Neyis, ere the granite had perforated the gneiss, 
or the porphyry broken through the granite. 

If it be thus unsafe, however, to calculate on th» 
depth of deposits by the altitude of hills, it is quite 
as unsafe for the geologist who has studied a fonna- 
tioa in one district, to set himself to criticise the cal- 
culations of a brother geologist, by whom it haa been 
studied in a different and widely-separated district. 
A deposit in one locality may be found to possess 
many times the thickness of the same deposit iu an- 
other. There are exposed beside the Northern and 
Southern Sutors of Cromarty two nearly vertical sec- 
tions of the coarse conglomerate bed, which forms, aa 
I have said, in the north of Scotland, the base of the 
Old Red System, and which rises to so great on ele- 
vation in the mountain of Morvheim. The sections 
are little more than a mile apart ; and yet, while the 
thickness of this bed in the one does not exceed one 
hundred feet, that of the same bed in the other some- 
what exceeds two hundred feet More striking still, — 
under the Northern Sutor, the entire Geology of Caith- 
ness, with all its vast beds, and all its numerous fossils, 
from the granitic rock of the Ord hill, the 
boundary of the county, to the uppermost saudsta 
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tt Dunnet^lieacLt its extreme northem comer, is ex- 
Idbited in a yertical section not more than three hun- 
dred yards in extent. And yet so enormous is the 
depth of the deposit in Caithness, that it has been 
deemed by yery superior geologists to represent three 
entire formations, — the Old Red System, by its un- 
fessiliferous, arenaceous, and conglomerate beds, — ^the 
Carboniferous System, by its dark-coloured middle 
schists, abounding in bitumen and ichthyolites, — and 
the New Red Sandstone, by the mottled marls and 
mouldering sandstones that overlie the whole.* A 
slight sketch of the Geology of Caithness may not be 
deemed uninteresting. This county includes, in the 
state of greatest derelopment anjnvhere yet known, 
that fossiliferous portion of the Old Red Sandstone 
which I purpose first to describe, and which will yet 
come to be generally regarded as an independent for- 
mation, as unequirocally characterized by its organic 
remains as the formations either above or below it. 

The county of Sutherland stretches across the island 
firom the German to the Atlantic Ocean, and presents 

* Dr Hibbert, whose researches among the limestones of 
Bordie Honse have been of snch importance to Geology, was 
of this opinion. I find it also expressed in the admirable 
geological appendix affixed by the Messrs Anderson to their 
(hUde to the Highlands and Islands of Scotland, *' No beds 
of real coal," say these gentlemen, ^ have been discovered in 
Caithness ; and it would thas appear that the middle schistose 
system of the county, containing the fossil fish, is in geologi- 
cal character and position intermediate between the Old and 
New Red Sandstone formations, but not identical with the 
Carboniferous Limestone or the true Coal Measures, although 
probably occupying the place of one or other of them." 
(P. 198.) 



throughout its entire extent — except where a narrow 
strip of the Oolitic formation lana along it« eastern 
eoast, and a broken belt of Old Red Sandstone tips 
its capes and promontories on the west — a broken 
and tumultuous sea of primary hills. Scarce any of 
our other Scottish counties are so exclusively High- 
land, nor are there any of them in which the preci- 
])ices are more abrupt, the vaUeys more deep, the 
rivers more rapid, or the mountains piled into i 
fantastiu groupes and masses. The traveller passcsU 
into Caithness, and finds himself surrounded 1 
scenery of an aspect so entirely dissimilar, that I 
examination of the rocks is necessary to con 
of a geological difference of structure. An elevate 
and uneven plain spreads around and before 1 
league beyond league, in tame and unvaried unifor- 
mity, — its many hollows darkened by morasses, over 
which the intervening eminences rise in the form ra- 
ther of low moory swellings than of hills, — its coasts 
walled round by clifia of gigantic altitude, that elevate 
the district at one huge stride from the level of the 
sea, and skirted by vast stacks aud coliunss of rock, 
that stand out like the advanced picquets of the land 
amid the ceaseless tm-moil of the lireakers. The dis- 
trict, as shown on the maji, presents nearly a triangu- 
litr form, — the Pentland Frith and the German Ocean 
describing two of its sides, while the base is formed 
by the line of boundary which separates it from the , 
county of Sutherland. 

Now, in a geological point of view, this angle : 
he regarded as a vast pyramid, rising perpendicul 
from the basis furnished by the primary rocks of ti 
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Litter county, and presenting newer beds and strata 
as we ascend, until we reach tlie apex. The line Irtiin 
south to north in the angle, — from MorvheJm to 
Duonet-head, — corresponda to the line of ascent from 
the top to the botfnm of the pyramid. The first bed, 
reckoning fi«m the haae upwards, — the ground tier of 
the masonry, if 1 may so apeak, — is the great cODglo- 
merate. It runs along the line of boundary from sea 
to sea, — from the Ord of Ciuthne^ on the east, to 
Portskerry on the north ; and risea, m 
the primary hills of Sutherland, into a lofty m 
chain of bold and serrated outline, which a 
greatest elevation in the hiil of Morvheim. Tliis 
great conglomerate bed, the base of the system, is re- 
presented in the Cromarty secrion, under the North- 
em Sutor, by a bed two hundred and fifteen feet in 
thickness. The second tier of masonry in the pyra- 
mid, and which also runs iu a nearly parallel line 
from sea to sea, is composed mostly of a coarse red 
I and yellowish sandstone, with here and there beds of 
L^pebbles inclosed, and here and there depositii of green 
li and red marl. It has its representalirn in the 
marty section in a bed of red and yellow arena- 
s stone, one hundred and fourteen feet six inches 
n thickness. These two inferior beds possess but one 
racter ; — they are composed of the same materials, 
li merely this dillerence, that the rocks which have 
n broken into pebbles for the construction of the 
i, have been ground into sand for the composition 
if the other. Directly over them the middle portion 
if the pyramid is occupied by an enormous deposit of 
i-coloured bituminous sthist, slightly micaceous. 
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calcareous, or semi-calcareous, — here and there 
laced with veins of carbonate of lime, — here and 
compact and highly siUceous, — and bearing ii 
places a mineralogical character difficult to be 
guished &01I1 that at one time deemed peculiai 
harder grauwacke schists. The Caithness flag- 
so extensively employed in paving the footwajs of: 
larger towns, are furnished by this 
tier or belt, and represent its general 
From its lowest to its highest beds it b charged with 
fossil fish and obscure vegetable impressions; and we 
find it represented in the Cromarty section by alter- 
nating bands of sandstones, stratified clays, and bitu- 
minous and nodular limestones, which form altogether 
a bed three hundred and fifly-five feet in thickness ; 
nor does this bed lack its organisms, animal and ve- 
getable, generically identical with those of Caithness. 
The apex of the pyramid is formed of red mouldering 
sandstones and mottled marls, which eshibit thfir 
uppermost strata high over the eddies of the Pentlaud 
Frith, in the huge precipices of Dunnet-head, and 
which are partially represented in the Cromarty sec- 
lion by an unfossiliferous sandstone bed of unascer- 
tained thickness, but which can be traced for about 
eighty feet from the upper limestones and stratified. 
days of the middle member, until lust in over!' 
beds of sand and shingle. 

I am partieular, at the risk, I am afraid, of bei^ 
tedious, in thusdescribingtheOeology of this northern 
county, and of the Cromarty section, which represents 
and elucidates it. They illustrate more than the fo| 
mutions of two insulated districts : ihcy represeut 
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a vast period of time in the history of the globe. The 
pyramid with its three huge bars, its foundations of 
granitic rock, its base of red conglomerate, its central 
band of dark-coloured schist, and its lighter tinted apex 
(^ sandstone, is inscribed from bottom to top, like an 
Egyptian obelisk, with a historical record. The upper 
and lower sections treat of tempests and currents, — 
the middle is *' written within and without" with won- 
derful narratires of animal life ; and yet the whole 
taken together comprises but an earlier portion of that 
chronicle of existences and events furnished by the 
Old Red Sandstone. It is, however, with this earlier 
portion that my acquaintance is most minute. 

My first statement regarding it must be much the 
reverse of the borrowed one with which this chapter 
b^Los. The fossils are remarkahly numerous^ and in 
a state of high preservation, I have a hundred solid 
proo& by which to establish the truth of the assertion, 
within less than a yard of me. Half my closet walls 
are covered with the peculiar fossils of the Lower Old 
Red Sandstone ; and certainly a stranger assemblage 
of forms have rarely been grouped together ; — crea- 
tures whose very type is lost, — fantastic and uncouth, 
and which puzzle the naturalist to assign them even 
their class; — ^boat-like animals, furnished \nth oar* 
and a rudder; — ^fish plated over, like the tortoise, 
above and below, with a strong armour of bone, and 
furnished with but one solitary rudder-like fin ; — other 
fish, less equivocal in their form, but with the mem- 
])ranes of their fins thickly covered with scales; — 
creatures bristling over with thorns ; others glistening 
in an enamelled coat, as if beautifully japanned, — the 
c 
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tail, in every instance among the less equivocal shapes 
formed not equally, as in existing fish, on each side 
the central vertebral bone, but chiefly on the lowet 
side, — the bone sending out its diminished vertebrw 
to the extreme termination of the fin. All the forms 
testify of a remote antiquity, — of a period whose " fa- 
shions have passed away." The figures on a Chinese 
vase or an Egyptian obelisk are scarce more unlike 
what now exists in nature, than the fossils of the 
Ijower Old Red Sandstone. 

Geology, of all the sciences, addresses itself most 
powerfully to the imagination, and hence one main 
cause of the interest which it excites. Ere setting 
ourselves minutely to examine the peculiarities of these 
creatures, it were perhaps well that the reader should 
attempt realizing the place of their existence, and re- 
latively the time^ — ^not of course with regard to dates 
and eras, for the geologist has none to reckon by, but 
with respect to formations. They were the denizens 
of the same portion of the globe which we ourselves 
inhabit, regarded not as a tract of coimtry, but as a 
piece of ocean crossed by the same geographical lines 
of latitude and longitude. Their present place of 
sepulture in some localities, had there been no denu- 
dation, would have been raised high over the tops of 
our loftiest hills, — at least a hundred feet over the 
conglomerates which form the summit of Morvheim, 
and more than a thousand feet over the snow- 
capped Ben Wyvis. Geology has still greater won- 
ders. I have seen belemnites of the Oolite,— com- 
paratively a modem formation, — which had been dug 
out of the sides of the Himalaya mountains, seventeen 
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thousand feet over the level of the sea. But let us 
strive to carry our minds back, not to the place of se- 
pulture of these creatures, high in the rocks, — ^though 
that I shall afterwards attempt minutely to describe, — 
but to the place in which they lived, long ere the 
sauroid fishes of Burdie House had begun to exist, or 
the coralines of the Mountain Limestone had spread 
out their multitudinous arms in a sea gradually shal- 
lowing, and out of which the land had already par- 
tially emerged. 

A continuous ocean spreads over the space now oc- 
cupied by the British islands : in the tract covered by 
the green fields and brown moors of our own country, 
the bottom, for a hundred yards downwards, is com- 
posed of the debris of rolled pebbles and coarse sand 
intermingled, long since consolidated into the lower 
member of the Old Red Sandstone ; the upper surface 
is composed of banks of sand, mud, and clay ; and 
the sea, swarming with animal life, flows over all. 
My present object is to describe the inhabitants of 
that sea. 

Of these, the greater part yet discovered have been 
named by Agassiz, the highest authority as an ich- 
thyologist in Europe or the world, and in whom the 
scarcely more celebrated Cuvier recognised a natu- 
ralist in every respect worthy to succeed him. The 
comparative amount of the labours of these two great 
men in fossil Ichthyology, and the amazing accelera- 
tion which has taken place within the last few years 
in the progress of geological science, are illustrated 
together, and that very strikingly, by the following 
interesting fact, — a fact derived directly from Agassis 
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himself, and which must be new to the great hulk of 
my readers. When Cuvier closed his researches in 
thia deportmcut, he had named and described, for the 
guidance of the geologist, ninety-two distinct species 
of fossil fish; nor was ic then known that the entire 
geological scale, from the Upper Tertiary to the Gtau- 
waeke inclusive, contained more. Agassiz commen- 
ced his labours ; and in a period of time little exceed- 
ing fourteen years, he has raised the number of species 
from ninety-two to sixteen hundred. And this num- 
ber, great as it is, is receiving accessions almost everv 
day. In his late visit to Scotland he found eleveu 
new species, and one new genus, in the collection of 
Lady Ciironiing of Altyre, all from the upper beds of 
thut lower member of the Old Red Sandstone repre^ 
sented by the dark-coloured schists and inferior sand- 
stones of Cuithness. He found forty-two new species 
more in a single collection in Ireland, furnished by 
the Mountain Limestone of Armagh. 

Some of my humbler readera may possibly be re- 
pelled by his names : they are, like all names in 
science, unfamiliar in their aspect to mere E^lish 
readei's, just because they ai'c names not fur England 
alone, hut for England and the fvorld. 1 am assured, 
however, that they are all composed of very good 
(jreek, and picturesquely descriptive of some peculi- 
arity in the fossils they designate. One of his ichtjiy- 
olites with a thorn or spine in each fin, hoars the 
name of Acanlhodes, or thorn-like; another, with a 
similar medianism of spines attached to the upper 
part of the body, and in which the pectoral or 
litis are involved, has deen designated ihe Chei. 
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thusy or thom-liaiid ; a third, covered with curiously- 
fretted scales, has heen named the Glpptolepis^ or 
carved-scale ; and a fourth, roughened over with 
heny-like tuhercules, that rise from strong osseous 
plates, is known as the Coccosteus^ or berry-on-bone. 
And such has been his principle of nomenclature. 
The name is a condensed description. But though 
all his names mean something, they cannot mean a 
great deal ; and as learned words repel unlearned 
readers, I shall just take the liberty of reminding mine 
of the humbler class, that there is no legitimate con- 
nection between Geology and the dead languages. 
The existences of the Old Red Sandstone had lived for 
ages, and had been dead for myriads of ages, ere there 
was Greek enough in the world to furnish them with 
names. There is no working man, if he be a person 
of intelligence and information, however imleamed in 
the vulgar acceptation of the phrase, who may not de- 
rive much pleasure and enlargement of idea from the 
study of Geology, and acquaint himself as minutely 
with its truths as if possessed of all the learning of 
Bentley. 
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CHAPTER III. 

Lamarck's Theory of Progression illnstrated. — Class of Facts 
which give Colour to it. — The Credulity of Unbeliefs — ^M. 
Maillet and his Fish-birds. — Gradation not Progress. — 
Geological Argument. — The Present incomplete withont 
the Past. — Intermediate Links of Creation. — Organisms of 
the Lower Old Red Sandstone. — The Pterichthys. — Its first 
Discovery. — Mr Murchison's Decision regarding it. — Con- 
firmed by that of Agassiz. — Description. — The several Va- 
rieties of the Fossil yet discovered. — Evidence of Violent 
Death, in the Attitudes in which they are found. — The Cbe- 
costeus of the Lower Old Red. — Description. — Gradations 
from Crustacea to Fishes. — Habits of the Coccosteus,— 
Scarcely any Conception too Extravagant for Nature to 
realize. 

Mr Lyells brilliant and popular work. The 
Principles of Geology^ must have introduced to the 
knowledge of most of my readers the strange theories 
of Lamarck. The ingenious foreigner, on the strength 
of a few striking facts, which prove that, to a certain 
extent, the instincts of species may be improved and 
heightened, and their forms changed from a lower to 
a higher degree of adaptation to their circumstances, 
has concluded that there is a natural progress from 
the inferior orders of being towards the superior ; and 
that the offspring of creatures low in the scale in the 
present time, may hold a much higher place in it, and 
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belong to different and nobler species, a few thousand 
years hence. The descendants of the ourang-outany^ 
for instance, may be employed in some ^ture age in 
writing treatises on Geology, in which they shall have 
to describe the remains of the quadrumaria as be- 
longing to an extinct order. Lamarck himself, when 
bearing home in triumph with him the skeleton of 
some huge salamander or crocodile of the Lias, might 
indulge, consistently with his theory, in the pleasing 
belief that he had possessed himself of the bones of 
his grandfather, — a grandfather removed, of coiu-se, to 
a remote degree of consanguinity, by the intervention 
of a few hundred thousand great-greats. Never yet 
was there a fancy so vnld and extravagant but there 
have been men bold enough to dignify it with the 
name of philosophy, and ingenious enough to find 
reasons for the propriety of the name. 

The setting-dog is taught to set ; he squats down 
and points at the game ; but the habit is an acquired 
one, — a mere trick of education. What, however, is 
merely acquired habit in the progenitor, is found to 
pass into instinct in the descendant : the puppy of 
the setting-dog squats dovni and sets untaught; the 
educational trick of the parent is mysteriously trans- 
muted into an original principle in the offspring. 
The adaptation which takes place in the forms and 
constitution of plants and animals, when placed in 
circumstances different from their ordinary ones, is 
equally striking. The woody plant of a warmer cli- 
mate, when transplanted into a colder, frequently 
exchanges its ligneous stem for a herbaceous one, as 
if in anticipation of the killing frosts of winter ; and. 
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dviiig to the groiuul at the close of autumn, shoots 
Up again iii spring. The dog, transported from a 
temperate into a IHgid region, exchanges his covering 
of hmr for a covering of wool : when brought back 
again to his former habitat, the wool ia displaced by 
ilie original hair. And hence, and from similar in- 
stances, the derivation of an argument, good so ^ 
as it goes, for changes iii adaptation to altered circuni- 
stances of the organization of plants and animals, and 
for the improrability of instinct. But it is easj driv- 
ing a principle too far. The elasticity of a common 
how, and the strength of an ordinary arm, are fully 
adequate to the transmission of an arrow from one 
point of space to another point a hundred yards re- 
moTed ; but he would be a philosopher worth looking 
at who would assert that they were equally adequate 
for the transmission of the same arrow from points 
removed, not by a hundred yards, but by a hundred 
miles. And such, but still more glaring, has been 
the error of Ijunarck. He has argued on this prin- 
ciple of improvement and adaptation, which, carry it 
as fat as we nationally may, still leaves the vegetable 
a vegetable, and the dog a dog, tliat in the vast course 
of ages, inferior have risen into superior natures, and 
lower into higher races ; that molluscs and zoophltes 
have passed into fish and reptiles, and fish aud reptiles 
into birds and quadrupeds ; that uidbrmed gelatinous 
bodies, with an organization scarcely traceable, have 
bven metamorphosed into oaka and cedars ; and that 
nionkeja and apes have been transformed into human 
creatures, capable of understanding and admiring t 
theories of Lamarck. Asaurediv there is no lack 1 
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faith among infidels ; their ^^ yaaltiDg^' credulity o'er- 
leaps reyelation, and " falls on the other side." One 
of the first geological works I ever read was a philo- 
sophical romance, entitled Teliamed^ hj a Mon. Mail- 
let, an ingenious Frenchman of the days of Louis 
XV . This Maillet was hy much too great a philoso- 
pher to credit the scriptural account of Noah s flood, 
and yet he could helieve, like Lamarck, that the whole 
family of hirds had existed at one time as fishes, 
which, on heing thrown ashore hy the waves, had got 
feathers hy accident; and that men themselves are 
but the descendants of a trihe of sea-monsters, who, 
tiring of their proper element, crawled up the heach 
one sunny morning, and, taking a fismcy to the land, 
forgot to return.* 

* Few men coald describe better than Maillet. His extra- 
vagancies are as amnsin^g as those of a fairy tale, and quite 
as extreme. Take the following extract as an instance : — 

" Winged or flying fish, stimulated by the desire of prey, or 
the fear of death, or pashed near the shore by the billows, 
have fallen among reeds or herbage, whence it was not pos- 
sible for them to resume their flight to the sea, by means of 
which they had contracted their first facility of flying. Then 
their fins, being no longer bathed in the sea-water, were split, 
and became warped by their dryness. While they found, 
among the reeds and herbage among which they fell, any ali- 
ments to support them, the vessels of their fins being sepa- 
rated, were lengthened and clothed with beards, or, to speak 
more justly, the membranes which before kept them adherent 
to each other, were metamorphosed. The beard formed of 
these warped membranes was lengthened. The skin of these 
animals was insensibly covered with a down of the same co- 
lour with the skin, and this down gradually increased. The 
little wings they had under their belly, and which, like their 
wings, helped them to walk in the sea, became feet, and served 
them to walk on land. There were also other small changes 
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r easy," says Ihis fanciful wriier, ' 
the change of a winged fish, flying at times 
through the water, at times through tlie air. into a 
bird fljTng always through the air !" It is a law of 
nature, that the chain of being, from the lowest to 
the highest form of hfe, should he, in some degree, a 
continuous (^hain ; that the various classes of exist- 
enee should shade into one another, so that it often 
proves a matter of no little difficulty to point out the 
exact line of demarcation where one class or family 
ends and another olass or family begins. Tlie natu- 
ralist passes from the vegetable to the animal tribes, 
scarcely aware, amid the perplesing forms of inter- 
mediate existence, at what point he quits the pre- 
cincts of the one to enter on those of the Other. All 
the animal families hitve, in like manner, their con- 
necting links ; and it is chiefly out of these that writers 
such as Liimarck and 31aillet construct their system. 
They confound gradation ivith progress. 
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in their Ggnre. The beak aod neck, ot some were IcDBthen 
and those of others shortened. The confurmity, hDnereT.^ 
the first figare subsists id the -whole, and it will be always 
easy to know it. EKamine all the speciee of fowls, large and 
small, even those of the Indies, those which are tufted or nut, 
those whose feathers are reversed, such as we sea at Dami- 
etta, that is to sajr, whose plumage runs from tbe tail to the 
head, and you will findspeoies quitesifuilar, scaly orwithout 
scales. All species of parrots, whose plamages are so differ- 
ent, the rarest and the most singnlnr-marked birds, are. con- 
iennable to fact, painted like them with black, brown, gray, 
yellow, green, red, violet-colour, and those of gold and aiarv ; 
Hud all this precisely id the same parts where the ptamafiSB 
of those birds npediverBifiad in so (lurious ; 
ani«rf, p.224,ed. 175(1.) 
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Hudson was a yeiy short man, and Goliath of Gath a 
very tall one, and the gradations of the human sta- 
ture lie between. But gradation is not progress ; and 
though we find fiill-grown men of five feet, five feet 
six inches, six feet, and six feet and a half, the fact 
gives us no earnest whatever that the race is rising in 
stature, and that at some future period the average 
height of the human familj will be somewhat between 
ten and eleven feet. And equally unsolid is the argu- 
ment that from a principle of gradation in races would 
deduce a principle of progress in races. The tall 
man of six feet need entertain quite as little hope of 
rising into eleven feet, as the short man of five ; nor 
has the fish that occasionally flies any better chance 
of passing into a bird, than the fish that only swims. 
Geology abounds with creatures of the intermediate 
class: there are none of its links more numerous than 
its connecting links ; and hence its interest, as a field 
of speculation, to the assertors of the transmutation 
of races. But there is a fatal incompleteness in the 
evidence, that destroys its character as such. It sup- 
plies in abundance those links of generic connection 
which, as it were, marry together dissimilar races; but 
it furnishes no genealogical link to show that the ex- 
istences of one race derive their lineage from the ex- 
istences of another. The scene shifts as we pass fi-om 
formation to formation; we are introduced in each 
to a new dramatis personw ; and there exist no such 
proofe of their being at once different and yet the 
same, as those produced in the Winters Tale to 
show that the grown shepherdess of the one scene is 
identical with the exposed infant of the scene that 
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went liefore. Nay, tlie reverse is well nigh as j 
ingly the case, as if the grown stcphcrdess had 
introduced into the earlier scenes of the drama, 
the child into its concluding scenes. 

The argument is a very simple one. Of all the 
rert«brata, fishes rank lowest, and in geological history 
appear first. We find their remains in the Upper 
Ludlow Hocks, in the Lower, Middle, and Upper 
Old Red Sandstone, in the Mountain Limestone, 
in the Coal Measures : we find them also 
Magnesian Limestone ; and in the latter format 
the first reptiles appear. Fishes seem to ha^ 
the master eKistences of fire succeeding formations, 
ere the age of reptiles began. Now fishes differ ■rery 
much among themselves ; some rank nearly as low 
as wonns, some nearly as high as reptiles ; and if 
fish conld hare risen into reptiles, and reptiles into 
mammalia, we would necessarily expect to find lower 
orders of fish passing into higher, and taking prece- 
dence of the lugher in their appearance in point of 
time, just as in the Wmler'» Tale we see the infiint 
preceding the adult. If such he not the case, — if 
fish niade their first appearance, not in their least 
perfect, but in thtir most perfect state, — not in their 
nearest approximation to the worm, hut in their 
est approximation to the reptile, — there is no 
for progression, and the argument fiilla. Now, 
a geological fact, that it is fish of the higher ordi 
that appear first on the stage, and that they are found 
to occupy exactly the same lerel during the vast period 
represented by five encceeding fonnations. There jl 
no progression. If fish rose into reptiles, it must 
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been by sudden transformation ; — it must have been 
as if a man who bad stood still for half a life-time 
should bestir himself all at once, and take seven 
leagues at a stride. There is no getting rid of miracle 
in the case, — there is no altematiye between creation 
and metamorphosis. The infidel substitutes progres- 
sion for Deity ; Geology robs him of his god. 

But no man who enters the geological field in quest 
of the wonderful, need pass in pursuit of his object 
from the true to the fictitious. Does the reader re- 
member how, in Milton's sublime figure, the body of 
Truth is represented as hewn in pieces, and her limbs 
scattered over distant regions, and how her friends and 
disciples have to go wandering all over the world in 
quest of them ? There is surely something very won- 
derful in the ^Eict, that in uniting the links of the 
chain of creation into an unbroken whole, we have 
in like manner to seek for them all along the scale 
of the geologist ; — some we discover among the tribes 
first annihilated, — some among the tribes that perish- 
ed at a later period, — some among the existences of 
the passing time. We find the present incomplete 
without the past, — the recent without the extinct. 
There are marvellous analogies which pervade the 
scheme of Providence, and imite, as it were, its lower 
with its higher parts. The perfection of the works 
of Deity is a perfection entire in its components, and 
yet these are not contemporaneous, but successive: 
it is a perfection which includes the dead as well as 
the living, and bears relation in its completeness, not 
to time, but to eternity. 

We find the organisms of the Old Red Sandstone 
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supplying an important link, or rather series of lidfal^; 
ill the iclithyological scale, which are wanting 
the present creatioii, and the ahsence of which 
dentlj- occa.'iions a wide gap between tbe two grand 
divisions ur Heriea of fishes, — the bonj and the carti- 
liiginoHs. Of this, however, more anon. Of all the 
oi^gttuisms of the system, one of the most estraordi- 
nEiry, and in which Liimarck would liave most de* 
lighted, is the Pterkhthi/a, or winged fish, an ichthy- 
olite which the nriter had the pleasure of introdu- 
cing to the acquaintance of geologists nearly three 
years ago, hut which he first laid open to the light 
about seven years earlier. Had Lamarck been the 
discoverer, he would unquestionably have held thut 
he had caught a fish almost in the act of wishing it- 
self into a bird. There are wings which want onljf 
feathers, a body which seems to have been aa well 
adapted for passing through the air as the water, and 
a tail by which to steer. And yet there are none of 
the fossils of the Old Red S^idstone which less re- 
semble any thing that now exists thun its PUi-ichthg*. 
I fain wish I could communicate to the reader thft 
feeling with which I contemplated my first-foi 
specimen. It opened with a single blow of the 
mer; and there, on a ground of light-coloured 
stone, lay the effigy of a creature fefihioned ap] 
out of jet, with a body covered with plates, two poi 
ful-tooking arms articulated at tike shoulders, a head' 
as entirely lost in the trunk as that of the ray or tlii^ 
sun-fisb, and a long angular tail. My firat-formed 
idea regarding it was, that I had discovered a connect- 
ing link between the tortoise and the fish; the 
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much resembles that of a small turtle ; and why, I 
asked, if one formation gives us sauroid fishes, maj 
not another give us chelonian ones ? or if in the Lias 
we find the body of the lizard mounted on the pad- 
dles of the whale, why not find in the Old Red Sand- 
stone the body of the tortoise mounted in a somewhat 
similar manner ? The idea originated in error, but as 
it was an error which not many naturalists could have 
corrected at the time, it may be deemed an excusable 
one, more especially by such of my readers as may 
have seen well-preserved specimens of the creature, or 
who examine the subjoined prints, No. I. and II. 
I submitted some of my specimens to Mr Murchison, 
at a time when that gentleman was engaged among 
the fossils of the Silurian System, and employed on 
his great work, which has so largely served to extend 
geological knowledge regarding those earlier periods 
in which animal life first began. He was much in- 
terested in the discovery : it furnished the geologist 
with additional data by which to regulate and con- 
struct his calculations, and added a new ahd very 
singular link to the chain of existence in its relation 
to human knowledge. Deferring to Agassiz, as the 
highest authority, he yet anticipated the decision of 
that naturalist regarding it in almost every particular. 
I had inquired, imder the influence of my first impres- 
sion, whether it might not be considered as a sort of 
intermediate existence between the fish and the che- 
lonian. He stated, in reply, that he could not deem 
it referrible to any family of reptiles ; that if not a fish, 
it approached more closely to the Crustacea than to 
any other class ; and that he had little doubt Agassiz 
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« ouJd pronounce it to be an iclithyolite of that ancient 
order to whicli the Ct^liaiaitpvi belongs, and which 
seems ia have foimed a connecting link between erne- 
tacea and fishes.* The epecimens submitted to Mn 
MuTchison were fonvarded to Agassiz. They weij 
much more imperfect than some which I have mnc* 
disinterred ; and to restore the entire animal from 
them would require powers sueb as those pomesaed 
by Cuvier in the post age, and by the naturalist of 
Neufchatel in the present. Broken as they 
however, Agassiz at once decided from them that 
creature must have been a fish. 
I have placed one of the epecimens before 
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* The aborigines of Saalh America deemed it wondt 
thftt tbe Europeans nho Grat viiited them shonld, wi(ll( 
previoaa eoacert, agree in reading nrter tfae same muiner 
the same Borap of ni&iiDscript, and in deriving llie same 
piece of information from it. The writer espericoced oa 
tbis oecaaioD a EomenUat similar feeling. Bii specimen* 
■eemed written in a tharacter cramp enongb to snggeat those 
duubta regarding original meaning which lead to various 
readioga, but the geolngiet and t^e nalnrBtigt agreed in perus- 
ing tbem after OKafClytbe same fasbton, the one in Londooi 
tbe other in Nenfchatel. Such instances give confidence ia 
the findings of science. The decision of Mr Murchinon I nb- 
join in bis own words : bis namben refer to varioDs speci* 
mens at Pleriehlhsi:—" As to joor fossils 1, 2, 3, we know 
nothing of tbem here (London), except that tbe? remind nut 
of (be ocuipilul fragments of soma of the Caithness fishes. I 
do nut conceive they can bo refcrrible to any reptile ; tat, if 
sot fishes, tbey more closely approach to cruitabeans 
to any other clau. 1 conceive, however, that Agas 
prononnce tbem to be Gsbes whicb, together with the 
genas Cephalatpu of the Old Red Sandstone, form tl 
neolinglinks between crnstaceans and Esbes. YoqrtpHi 
remind one in several respects of the Cej^laipit." 
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Imagine the figure of a man rudely drawn in black on 
a gray ground, the head cut off by the shoulders, the 
arms spread at full, as in the attitude of swimming, 
the body rather long than otherwise, and narrowing - 
£rom the chest downwards, one of the legs cut away 
at the hip joint, and the other, as if to preserve the 
balance, placed directly under the centre of the figure, 
which it seems to support. Such, at a first glance, is 
the appearance of the fossil. The body was of very 
considerable depth, perhaps little less deep proportion- 
ally from back to breast than the body of the tortoise ; 
the under part was flat, the upper rose towards the 
centre into a roof-like ridge, and both under and upper 
were covered with a strong armoiir of bony plates, 
which, resembling more the plates of the tortoise than 
those of the crustacean, received their accessions of 
growth at the edges or sutures. The plates on the 
under side are divided by two lines of suture, which 
run, the one longitudinally through the centre of the 
body, the other transversely, also through the centre 
of it ; and they would cut one another at right angles, 
were there not a lozenge-shaped plate inserted at the 
point where they woidd otherwise meet. There are 
thus five plates on the lower or belly part of the ani- 
mal. They are all thickly tuberculated outside with 
wart-Uke prominences (see Plate I. ^g. 4) ; the inner 
present appearajices indicative of a bony structure. The 
plates on the upper side are more numerous and more 
difficult to describe, just as it would be difficult to de- 
scribe the forms of the various stones which compose 
the ribbed and pointed roof of a Gothic cathedral, the 
arched ridge or hump of the back requiring, in a some- 
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what similar way, a peculiar form and arrangement ot 
plates. Tlie apex of the ridge is covered by a strong 
liexagonal plate, fitted npon it like a cap or helmet, 
■ and which nearly corresponds in place to the flat cen- 
tral plate of the under side. ITiere runs around it a 
border of variously-formed plates, that diminish in 
size und increase in number towards the head, and 
which are separated like the pieces of a dissected 
map, by deep sutures. They all present the tuber- 
culated soriace. The eyes are placed in front, on a 
prominence much lower than the roof-like ridge of 
the back ; the moulh seems to have opened, as in 
many fishes, in the edge of the creature's snout, where 
a line running along the back would bisect a line 
running along the belly, but this part is less perfectly 
shown by my specimens than any other. The two 
arms or paddles are placed so far forward as to give 
the body a disproportionate and decapitated appear- 
ance. From the shoulder to the elbow, if I may em- 
ploy the terms, there is a swelling muscular appear- 
ance, as in the human arm; the part below is flattened 
so as to resemble the blade of an oar, and it terminates 
in a strong sharp point. The tail — the one leg on 
which, as exhibited in oneof my specimens, the crea- 
ture seems to stand — is of considerable length, more 
than equal to a third of the entire iigore, and of an an- 
gular form, the base representing the part attached to 
the body, and the apex its termination. It was covered 
with small tuberenlated rhomboidal plates like scalea 
(see Plate I. fig. 3) ; and where the internal structure 
is shown, there are appearances of a vertebrated boo^^ 
with lib-like processes standing out at a shnip a 
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^e icbthjolite in my larger specimens does not much 
exceed seven inches in length, and I despatched one 
to Agassiz rather more than two years ago, whose ex- 
treme length did not exceed an inch. Such is a hrief, 
and, I am afraid, imperfect sketch o£ a creature whose 
very type seems no longer to exist. But for the pur- 
poses of the geologist the descriptions of the grayer 
far exceed those of the pen, and the accompanying 
prints will serve to supply all diat may he found 
wanting in the text. Fig. 1 in Plate I. and &g, 2 in 
Plate II. are hoth restorations, the first of the upper, 
tmd the second oi the under part o£ the creature. It 
may, however, encourage the confidence of the natu- 
ralist, who for the first time looks upon forms so 
strange, to he informed that Plate I., with its two 
figures, was submitted to Agassiz during his recent 
brief stay in Edinburgh, and that he as readily recog- 
nised in it the species of the two varieties which it 
exhibits, as he had previously recognised the species 
of the originals in the limestone. 

Agassiz, in the course of his late visit to Scotland, 
foimd six species of the PtericktkySy — ^three of these, 
and the wings of a fourth, in the collection of the 
writer. The differences by which they are distin- 
guished may be marked by even an unpractised eye, 
especially in the form of the bodies and wings. Some 
are of a fuller, some of a more elongated form ; in 
some the body resembles a heraldic shield, of nearly 
the ordinary shape and proportions; in others the 
shield stretches into a form not very unlike that of a 
Norway skiff, from the midships forward. In some 
of the varieties, too, the wings are long and compara- 
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tivelj slender, in others shorter and of greater breadth ; 
in some there is an inflection resembling the bend of 
an elbow, in others there is a continuous swelling from 
the termination to the shoulder, where a sudden nar- 
rowing takes place immediately oyer the articulation. 
I had inferred somewhat too hurriedly, though per- 
haps naturally enough, that these wings or arms, with 
their strong sharp points and oar-like blades, had been 
at once paddles and spears, — ^instnmients of motion 
and weapons of defence ; and hence the mistake of 
connecting the creature with the Chelonia. I am in- 
formed by Agassiz, however, that they were weapons 
of defence only, which, like the occipital spines of the 
river bull-head, were erected in moments of danger 
or alarm, and at other times lay close by the crea- 
ture's side ; and that the sole instrument of motion 
was the tail, which, when covered by its coat of scales, 
was proportionally of a somewhat larger size than the 
tail shown in the print, which, as in the specimens 
from which it was taken, exhibits but the obscure and 
imcertain lineaments of the skeleton. The river bull- 
head, when attacked by an enemy, or immediately as 
it feels the hook in its jaws, erects its two spines at 
nearly right angles with the plates of the head, as if 
to render itself as diiEcult of being swallowed as pos- 
sible. The attitude is one of danger and alarm ; and 
it is a curious fact, to which I shall afterwards have 
occasion to advert, that in this attitude nine-tenths of 
tlie Pterichthye^ of the Lower Old Red Sandstone are 
to be foimd. We read in the stone a singularly-pre- 
served story of the strong instinctive love of life, and 
of the mingled fear and anger implanted for its pre- 
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servation, — " The champions in distorted postures 
threat ;" — it presents us, too, with a wonderful record 
of violent death, falling at once, not on a few indivi- 
duals, but on whole tribes. 

Next to the Pterichthyi of the Lower Old Red I 
shall place its cotemporary the CoccoHeus of Agassiz, 
a fish which, in some respects, must have closely re- 
sembled it. Both were covered with an armour of 
thickly tuberculated bony plates, and both furnished 
with a vertebrated tail. The plates of the one, when 
found lying detached in the rock, can scarcely be dis- 
tinguished from those of the other : there are the same 
marks as in the plates of the tortoise, of accessions 
of growth at the edges ; the same porous bony struc- 
ture within, the same kind of tubercides i^dthout. 
The forms of the creatures themselves, however, were 
essentially different. I have compared the figure of 
the Pterichthyg^ as shown in some of my better speci- 
mens, to that of a man with the head cut off by the 
shoulders, one of th'e legs also wanting, and the arms 
spread to the full. The figure of the Coccostetis I 
would compare to a boy's kite (see Plate III. fig. 1 ). 
There is a rounded head, a triangular body, a long 
tail attached to the appex of the triangle, and arms 
thin and rounded where they attach to the body, and 
spreading out towards their termination like the an- 
cient one-sided shovel which we see sculptured on 
old tombstones, or the rudder of an ancient galley. 
The manner in which the plates are arranged on the 
head is peculiarly beautiful ; but I am afraid I can- 
not adequately describe them. A ring of plates, like 
the ring-stones of an arch, runs along what may be 
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called the hoop of the tite; the fonn of the key- 
stone-plate is perfect ; the shapes of the others are ^ 
elegantly varied, as if for ornament ; and what w 
he otherwise the opening of the arch, is filled 1 
with one large pUte, of an outline singularly elegant. I 
A single plate, still larger than any of the othe«^ J 
covers the greater part of the creature's triangulaBj 
body, to the shape of which it nearly conforms, 
rises saddle-wise towards the centre ; on the ridge 
there is a longitudinal groove ending in a perforation, 
a little over the apex (Plate III. fig. 2) ; two small 
lateral plates on either side fill up the base of the 
angle; and the long vertebrated tail terminates the 
■ figure. 

JJoes the reader possess a copy of Lyell's lately 
published elementary work, edition 1838 ? If so, let 
him first tarn up the description of the upper Silurian 
rocks, from Murchison, wliich occurs in page 459, 
and mark the form of the trilobite A»aphu» eaadaCiu, 
a. fusflU of wlmt ts termed the Wenlock formation. 
(See Sil. Sys. Plate VII.) The upper part, or head, 
forms a. crescent ; the body rises out of the ( 
with a sweep somewhat resembling that of a Got 
arch ; the outline of the whole approximates to 1 
of an egg, the smaller end terminating i 
point Let him remark, further, that this c 
was a cruitaeeout animal, of the cmb or lobster fi|i^ 
mily, and then turn up the brief description of the 
Old Red Sandstone in tlie same Tolume, page 454, 
and mark the form of the Cephalasp'ia, or bucklor- 
head, — ajiih of a formation over that in which tj^H 
remains of the trilobite most abound. He will fi^H 
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that the fish and crustacean are wonderfully alike. 
The fish is more elongated, hut hoth possess the 
crescent-shaped head, and hoth the angular and ap- 
parently jointed hody.* They illustrate admirably 
how two distinct orders may meet. They exhibit 
the points, if I may so speak, at which the plated 
fish is linked to the shelled crustacean. Now, the 
Coccostetia is a stage further on ; it is more unequi- 
Yocally a fish. It is a Ce^kcUaspis with an articu- 
lated tail attached to the angular foody, and the horns 
of the crescent-shaped head cut off. 

Some of the specimens which exhibit this creature 
are exceedingly curious. In one, a coprolite still rests 
in the abdomen; and a conmion botanist's micro- 
scope shows it thickly speckled over with minute 
scales, the indigestible exuviae of fish on which the 
animal preyed. In the abdomen of another we find a 
few minute pebbles, — just as pebbles are occasionally 
found in the stomach of the cod, — which had been 
swallowed by the creature, attached to its food. Is 
there nothing wonderful in the feet that men should 
be learning at this time of day how the fishes of the 

* Really jointed in the case of the trilobite; only apparently 
80 in that of the Cephalaspis. The body of the trilobite, like 
that of the lobster, was barred by transverse oblong overlap- 
ping plates, and between every two plates there was a joint ; 
the body of the Cephalaspis, in like manner, was barred by 
transverse oblong overlapping scales, between which there 
existed no such joints. It is interesting to observe how na- 
ture, in thus bringing two such different classes as fishes and 
Crustacea together, gives to the higher animal a sort of picto- 
rial resemblance to the lower, in parts where the construction 
could not be identical without interfering with the grand dis- 
tinctions of the classes. 
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01(1 Red Similstone lived, and tlaat there were 

of ihem rapacious enough not to he over nice ia that' 

The under part of the creature ia Bliil very impel**] 
fectly knoivn : it had its central lozenge-shaped p)atc^,, 
like tltat on the under aide of the Pterickthyi, hut of 
greater elegance (see Plate III. fig. 3), round which 
the other plates were ranged. " What Dn appropri- 
ate ornament, if set in gold," said Dr Buckland, on 
seeing a very beautiful BpeLimen of this central lo- 
zenge in the interesting coUection of Professor Traill 
of Edinburgh, — " what an appropriate ornament for 
a lady-geologist !" There are two marked peculiari- 
ties in the jaws of the Coerosteits, as shown in most 
of the specimens illustrative of the lower part of the 
creature which I have yet seen. The teeth, instead 
of being fixed in sockets, like those of quadrupeds 
and reptiles, or merely plaeed on the bone, like those 
offish of the common varieties, seem to have been 
out of the solid, like the teeth of a saw or the teeth u 
the mandibles of the beetle, or in the nippers 
loljster (Plate III. fig. 4) ; and there appears 1 
been something strangely anomalous in the posit 
of the jaws, — something too anomalous, perhaps, 
be regarded as proven by the evidence of the speci- 
mens yet found, but which may he mentioned with 
the view of directing attention to it. " Do not be 
deterred," said Agassiz, in the course of one of the in- 
terviews in which he obligingly indulged the writer of 
these chapters, who had mentioned to him that one of 
Ilia opinions, just confirmed by the naturalist, had 
seenied so eittraordinary that he had been almost,) 
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afraid to communicate it, — " Do not be deterred, if 
you have examined minutely, by any dread of being 
deemed extraragant. The possibilities of existence 
run so deeply into the extravagant, that there is 
scarcely any conception too extraordinary for nature 
to realize." In all the more complete specimens 
which I have yet seen, the position of the jaws is ver- 
ticaly not horizontal ; and yet the creature, as shown 
by the tail, belonged unquestionably to the vertebra- 
ta. Now, though the mouths of the crustaceous ani- 
mals, such as the crab and lobster, open vertically, 
and a similar arrangement obtains among the insect 
tribes, it has been remarked by naturalists as an in- 
variable condition of that higher order of animals dis- 
tinguished by vertebrated columns, that their mouths 
open horizontally. What I would remark as very 
extraordinary in the CoccosteuSy — ^not, however, in the 
way of directly asserting the fact, but merely by way 
of soliciting inquiry regarding it, — ^is, that it seems to 
unite to a vertebral column a vertical mouth, thus 
forming a connecting link between two orders of ex- 
istences, by conjoining what is at once their most 
characteristic and most dissimilar traits. 

I am acquainted with four species of CoccosteuSy — 
C. latus^ C. ctispidatus^ C. ohlongtis^ and a variety not 
yet named ; and many more species may yet be dis- 
covered. Of all the existences of the formation, this 
curious fish seems to have been one of the most 
abundant. In a few square yards of rock I have laid 
open portions of the remains of a dozen different in- 
dividuals belonging to two of the four species, the C. 
latm and (7. cuspidatus, in the course of a single 
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eyening. None of the other kinds have yet heei^ 
found at Cromarty. These two differed from each 
other in the proportions which their general bulk 
bore to their length, — slightly too in the arrangement 
of their occipital plates. The Coccosteus lotus, as the 
name implies, must have been by much a massier 
£sh than the other ; and we find the arch-like form of 
the plates which covered its head more complete : 
the plate representing the key-stone rests on the sad- 
dle-shaped plate in the centre, and the plates repre- 
senting the spring-stones of the arch exhibit a broader 
base. The accompanying print (Plate III.) represents 
the Cocco8teu8 citspidatus. The average length of the 
creature, including the tail, as shown in most of the 
Cromarty specimens, somewhat exceeded a foot. A 
few detached plates from Orkney, in the collection of 
Dr Traill, must have belonged to an individual of 
fully twice that length. 
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CHAPTER IV. 

The Elfin-fish of Gawin Dovglas — ^The Fish of the Old Red 
Sandstone scarcely less cnrioas.— Place -which thej occupied 
indicated in the present Creation by a mere Gap.— Fish di- 
Tided into two great Series, — ^the Osseous and Cartilaginous. 
— Their distinctiye Peculiarities. — Greological Illustration of 
Dr Johnson's shrewd Objection to the Theory of Soame 
Jenyns. — ^Proofs of the intermediate Character of the Ich- 
thyolites of the Old Red Sandstone. — Appearances which 
first led the Writer to deem it intermediate. — Confirma- 
tion by Agassiz.— The Osteolepis. — Order to which this Ich- 
thyolite belonged. — Description. — Dipierus, — JHphpterus. — 
Cheirolepis, — Glyptolepis, 

Has the reader ever heard of the " griesly fisch" 
and the " laithlie flood," described by the minstrel 
Bishop of Dunkeld, " who gave rude Scotland Vir- 
gil's page?" Both fish and flood are the extrava- 
gancies of a poet's dream. The flood came rolling 
through a wilderness of bogs and quagmires, imder 
banks " dark as rocks the whilk the sey upcast." A 
skeleton forest stretched around, doddered and leaf- 
less ; and through the " unblomit" and " barrant" 
trees 

** The quhissling wind blew mony bitter blast;" 

the whitened branches " clashed and clattered ;" the 
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" rile water rinnand o'erLeid," and " routing aa tlii 
der," made " hidooua trubil ;" and to augment 
uproar, tte " griesly fiscb," like the fisli of eastern 
story, raised their heads amid the tbam, and shrieked 
and yelled as they paeaed. " The grim monsters for- 
deafit the Leiring with their sehoutB ;" — ihey were 
both fish and elves, and strangely noiay in the latter 
ca]iii(:ily; and the longer the poet listened, the more 
frightened he became. The description concludes, 
like a terrific dream, with his wanderings through the 
labyrinths of the dead forest, where all was dry and 
sapless above, and mud and marsh below, and with 
his exclamations of grief and terror at finding 
hopelessly lost in a scene of prodigies and eril spti 
And such was one of the wilder fancies in whiclt 
youtliful Scottish poet of the days of Flodden 
dulged, ere taste had arisen to restrain and 
invention. 

Shall I venture to say, that the ichthyolites of the 
Old Red Sandstone have sometimes reminded me of 
the " fiseh of the laithhe flood ?" They were hardly 
leas curious. We find them surrounded, like these, 
by a wilderness of dead vegetation and of rocks up- 
cast from the sea ; and there are the footprints of 
storm and tempest around and under them. True, 
they must have been less noisy. Like the " griesly 
fisch," however, they exhibit a strange union of op- 
posite natures. One of their femiHes — that of the 
CfplialaspU — seems almost to constitute a connecting 
link, says Agassiz, between fishes and crusiaceons. 
Tliey had also their families of sauroid or reptUe fit 
— and theur siill more numerous fiunilies that 
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the cartilaginous fishes to the osseous. And to these 
last the explorer of the Lower Old Red Sandstone 
finds himself mainly restricted. The links of the 
system are all connecting links, separated hy untold 
ages from that which they connect, — so that in 
searching for their representatives amid the existences 
of the present time, we find hut the gaps which they 
should have occupied. And it is essentially neces- 
sary from this circumstance, in acquainting one's self 
with their peculiarities, to examine, if I may so ex- 
press myself, the sides of these gaps, — ^the existing 
links at hoth ends to which the hroken links should 
have pieced, — ^in short, all those more striking pecu- 
liarities of the existing disparted famihes which we 
find united in the intermediate families that no longer 
exist. Without some sjich preparation, the inquirer 
would inevitahly share the fate of the poetical dreamer 
of Dunkeld, hy losing his way in a labyrinth. In 
passing, therefore, with this object from the extinct to 
the recent, I venture to solicit, for a few paragraphs, 
the attention of the reader. 

Fishes, the fourth great class in point of rank in 
the animal kingdom, and, in extent of territory, de- 
cidedly the first, are divided, as they exist in the pre- 
sent creation, into two distinct series, — the osseous 
and the cartilaginous. The osseous embraces that 
vast assemblage which naturalists describe as " fishes 
properly so called," and whose skeletons, like those of 
mammalia, birds, and reptiles, are composed chiefly 
of a calcareous earth, pervading an organic base. 
Hence the durability of their remains. In the carti- 
laginous series, on the contrary, the skeleton contains 
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scarce any of this earth : it ie a framework of indi 
rated animal matter, elastic, semi-transparent, yie! 
iiig easily to the knife, and, like all mere animal snV 
stances, inevitably subject to decay. I have seen the 
huge cartilaginous skeleton of a shark lost in a mass 
of putre&ction in less than a fortnight. I hare, 
found the minutest bones of the osseous ichthyoUl 
of the Lias entire after the lapse of unnumbered 

The two series do not seem to precede or follow one 
another in any such natural sequence as that in which 
the great classes of the animal kingdom are arranged. 
The mammifer takes precedence of the bird, the bird 
of the reptile, the reptile of the fish ; there is pro- 
gression in the scale ; the arrangement of the classes 
is consecutive, not parallel. But in this great division 
there is no such progression ; the osseous fish takes 
no precedence of the cartilaginous fish, or the cartila- 
ginous, as a series, of the osseous. The arraugement 
is parallel, not consecutive ; hut the parallelism, if I 
may so express myself, seems to be that of a longer 
ivith a shorter line ; — the cartilaginous fishes, though 
much less numerous in their orders and families than 
the other, stretch farther along the simie in opposite 
direL-tions, at once rising higher and sinking lower 
than the osseous fishes. The cartilaginous order of 
the sturgeons, a roe-depositing tribe, devoid aliki 
affection for their young, or of those attachments wl 
give the wild beasts of the forest partnei 
dens, may he regarded as fiilly abreast of by much 
greater part of (he osseous fishes in both (heir instini 
and their organization. The family of the sharks, 
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1^e other liand, and some of the rajns, rise higher, as 
if to connect the class of fish with the class imme- 
diately above it, — ^that of reptiles. Many of them 
are viyiparous, like the mammalia, — attached, it is 
said, to their young, and fully equal to even birds in 
the strength of their connubial attachments. The 
male, in some instances, has been known to pine 
away and die when deprived of his female compa- 
nion.* But then, on the other hand, the cartilagi- 
nous fishes in some of their tribes sink as low beneath 
the osseous as they rise above them in others. The 
suckers, for instance, a cartilaginous fiunily, are the 
most imperfect of all vertebrated animals ; some of 
them want even the sense of sight ; they seem mere 
worms furnished with fins and giUs, and were so 
classed by Linnaeus ; but though now ascertained to 
be in reality fishes, they must be regarded as the 
lowest link in the scale, — as connecting the class ydih 
the class Vermes, just as the superior cartilaginous 

* Some of the osseous fishes are also viyiparons, — the ** vi- 
viparous blenny," for instance. The evidence from which the 
supposed affection of the higher fishes for their offspring has 
been inferred, is, I am afraid, of a somewhat equivocal cha- 
racter. The love of the sow for her litter hovers at times 
between that of the parent and that of the epicure ; nor have 
we proof enough, in the present state of ichthyological know- 
ledge, to conclude to which side the parental love of the fish 
inclines. The connubial affections of some of the higher fa- 
milies seem better established. Of a pair of gigantic rays 
( Cephaloptera giorna) taken in the Mediterranean, and de- 
scribed by Risso, the female was captured by some fishermen ; 
and the male continued constantly about the boat, as if be- 
wailing the fate of his companion, and was then found float- 
ing dead. (See Wilson's article Ichthtologt, ^^(^c. £n7. 
seventh edit.) 
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lialiea may be regarded as connecting it with 
flass Reptil'm. 

Between tlie osseous and the cartilaginous fisheff^ 
there exist some very striking dissimilarities. The 
skull of the osseous fish is divided into a greater 
number of distinct bones, and possesses more move- 
able parts, than the skulls of manmiiferous aniinats ; 
the skull of the cartilaginous fish, on the contrary, 
consists of but a single piece, without joint or suture. 
There is another marked distinction. The bony fish, 
if it approaches in form to that general type which 
we recognise amid all the varieties of the class as 
proper to fishes, and to which in all their faraiilies 
nature is continually inclining, will be fouod to have 
a tail branching out, as in the perch and herring, 
from the bone in which the vertebral column termi- 
nates; whereas the cartilitginousfish,if it also approach 
tlie general type, *ill be found to have a tail formed, 
as in the sturgeon and dog-fish, on both sides of the 
lower portion of the spine, but developed much more 
largely on the under tlian on the upper side. In some 
instances it is wanting on the upper side altogether* 
It may be as impossible to assign reasons for such 
lations as for those which esist between the dig* 
organs and the hoo& of the ruminant animals 
it is of importance that they should Ije noted.* It 
may be remarked, further, that the great hulk uf 



* Dr Bnckland, in hl» Dridgeuiattr Tteatite, assigns 
factor; reasons for this conBtraction of tail in sbarkl 
sturgoons. Of the fishes of these two orders, be stsl 
tiirmer perfarm the oHice of scavingera, to clear the 
impuritiea, and bave no teeth, but feed] by means of ■ soft 
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fishes whose skeletons consist of cartilage, have yet 
an ability of secreting the calcareous earth which com- 
poses bone, and that they are furnished with bony 
coverings, either partial or entire. Their bones lie 
outside. The thorn-back derives its name from the 
multitudinous hooks and spikes of bone that bristle 
over its body ; the head, back, and operculum of the 
sturgeon are covered with bony plates ; the thorns and 
prickles of the shark are composed of the same ma- 
terial. The framework within is a framework of 
mere animal matter ; but it was no lack of the osse- 
ous ingredient that led to the arrangement, — an ar- 
rangement which we can alone refer to the will of that 
all-potent Creator, who can transpose his materials at 
pleasure, without interfering with the perfection of 
his work. It is a ciurious enough circumstance, that 
some of the osseous fishes, as if entirely to reverse the 
condition of the cartilaginous ones, are partially co- 
vered with plates of cartilage. They are bone within 
and cartilage without, just as others are bone without 
and cartilage within. 

But how apply all this to the Geology of the Old 
Red Sandstone ? Very directly. The ichthyolites of 



leather-like month, capable of protrasion and contraction, on 
putrid vegetables and animal substances at the bottom ; and 
hence they have constantly to keep their bodies in an inclined 
position. The sharks employ their tail in another peculiar 
manner, to turn their body, in order to bring their mouth, 
which is placed downwards beneath the head, into contact 
with their prey. ' We find an important provision in every 
animal to give a position of ease and activity to the head 
during the operation of feeding." ( Bridgewater Treatise, p. 
279, vol. i. first edit.) 
E 
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tliis ancient formation hold, as has been said, an i 
temiediate place, unoccupied among present < 
rnces, Letween the two serica, and ia some rcspecte'-B 
resemble the oeseoas, imd in eouie the cartilaginous 
tidt)e8. The fact reminds one of Dr Johnson's shrewd 
(ihjectioii to the theory embraced by Soame JenjTis 
in his Free Ifupiiry, and which was the theory also 
of Pope and Bolingbroke. The metaphysician held 
with the poet and his friend, that there exists a 
vast and finely-graduated chain of being from In- 
finity to nonentity — from God to nothing; and that 
to strike ont a single link would be to mar the per- 
fection of the whole.* The moralist demonstrated, 
tin the contrary, tliat this chain, in the very nature of 
things, must be incomplete at both ends, — that be- 
tween that irhich does, and that which does not exist, 
there must be an infinite difference, — that the chain, 
therefore, cannot lay hold on nothing. He showinl, 
further, that between the greatest of finite eidstenccg ^ 



* " See, tbrongh tbis nir, tliis oaean, and this aarth. 
All matter qaick aud buratiDg into birth ; 
Above how high progressive life ma; go ! 
Aronnd tow wide I how deep eitend below I 
Vast chain of being t which from Crod began— 
Nature's ethereal, baman angel, man. 
Beast, bird, fiah, insect, what no eye con see, 
Nu glass can reaoh ; from inErtite to Thee,— 
From Thee to nothing. On superior powers 
Were we to press, inferior might on ours ; 
Or in the foil creation laaTB a void. 
Where, one Ktep broken, the great scale's destroyeda 
Vtaia Nature's chain whatever link yon strike. 
Tenth, or ten tbousnndth, breaks the thain alilie." 
< E^say on M<.<a 
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and the adorable Infinite th^e must exist another il- 
limitable Yoid, — ^tbat the boundless and the bounded 
are as wddely separated in their natures and qualities 
as &e existent and the non-existent, — ^that the chain, 
in short, cannot lay hold on Deity. He asserted, 
however, that not only is it thus incomplete at both 
ends, but that we must regard it as well nigh as in- 
complete in many of its intermediate links, as at its 
terminal ones, — ^that it is already a broken chain, see- 
ing that between its various classes of existence, my- 
riads of intermediate existences might be introduced, 
by graduating more minutely what must necessarily 
be capable of infinite gradation, — and that, to base an 
infidel theory on the supposed completeness of what 
is demonstrably incomplete, and on the impossibility 
of a gap existing in what is already filled with gaps, 
is just to base one absurdity on another.* Now, we 

* The following are the well-stated reasonings of Dr John-* 
son, a writer who never did injustice to an argument for want 
of words to express it in. 

** The scale of existence from infinity to nothing cannot posi 
sibly have being. The highest being nol infinite must be at an 
infinite distance from infinity. Cheyne, who, with the desire 
inherent in mathematicians to reduce every thing to mathe^ 
matical images, considers aU existence as a cone, allows that 
the basis is at an infinite distance from the body, and in this 
distance between finite and infinite there will be room for ever 
for an infinite series of indefinable existence. 

*^ Between the lowest positive existence and nothing, when- 
ever we suppose positive existence to cease, is another chasm 
infinitely deep, where th^re is room again for endless orders 
of subordinate nature, continued for ever and eyer, and yet 
infinitely superior to non-existence. 

** To these meditations bnm^inity is. unequal. But yet we 
may ask, not of our Maker, but of each other,, since on t\x^ 
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find the Geology of what may be lenned tlie seronj 
age of vertehmted existence (for the Lower Old Red 
yaudstone was such) coming curiously in to confina 
the reasonings of Johnsoa. It s'jows us the greakr 
part d{ the fish of an eniire creation thus insinuated 
Tietween two of the links of our own. 

It is now several years since I was first led to sus- 
pect that the condition of the ichthyoUtes of the Old 
Red 8and£tone was intermediate. I hare alluded lo 
the comparative indestructibility of the osseous akele- 
Inn, and the extreme liability to decay characterisiii' 
of the cartilaginous one. Of a skeleton in part osse- 
ous and in purt cartilaginous, we must, uf course. 
expect, when it occurs in a fos^ stale, to find the 
indestructible portions only. And when, in every 
instance, we find tlie ibssil skeletons of a fonnalioii 
(complete in some of their parts, and incomplete iu 
others, — the entire portions invariably agreeing, iwd 

fine Bide areution, vhenever it stopa, miut (top inGnrtetjr be- 
low inGnily, and on th» other infinitely abovo nothing, wh<t 
pecessitf there is that it should proceed so for either -na;,-' 
limt being so hi(!h or Bo low should ever have existed. We 
nisj ask, but I heitcve no created wisdom con give an nde- 

" Xor is this all. In the scale, wherever it begins or ends. 
are indnite vacaities. At whatever distance we snppon the 
next order of beioRS to be above man, there is room for au in- 
lennediate order of beings between tbem ; and if for one or- 
der, tbeo for infinite orders; slnne every thing that admits of 
more or leag, and conaeqaentl; all the parts of that which ■■" ~ 
raits Ihem, may be infinitely divided, so that, as far as wa B 
judse, there may be room in the vacuity between an 
Ht«pB of the scale, or between any two points of the t» 
being, for infinite exertion uf infinite power." (hcfieic <^ 
Free Enquiry.") 
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vanting portions invariably agreeing also, — it 
{ but natural to conclude, that an original dif- 
30 must baye obtained, and that the existing 
which we can at once recognize as bone, must 
been united to parts now wanting, which were 
osed of cartilage. The naturalist never doubts 
;he shark's teeth which he finds detached on the 
, or buried in some ancient formation, were 
i originally to cartilaginous jaws. Now, in 
ing open all the ichthyolites of the Lower Old 
Sandstone, with the exception of those of the 
amihes already described, we find that some of 
)arts are invariably wanting, however excellent 
tate of preservation maintained by thp rest. I 
seen every scale preserved and in its place,— one 
f both the larger and smaller bones occupying 
original position, — jaws thickly set with teeth 
mdetached firom the head, — ^the massy bones of 
cull still unseparated, the larger shoulder-bone, 
hich. the operculum rests, lying in its proper bed, 
! operculum itself entire, — and all the external 
which support the fins, though firequently fine 
irs, spreading out distinct as the fibres in the 
of the dragon-fly, or the woody nerves in an 
3afr In no case, however, have I succeeded m 
[g a single joint of the vertebral column, or the 
of a single internal ray. No part of the internal 
on survives, nor does its disappearance seem to 
had any connection with the greater mass of pu- 
nt matter which must have surroimded it, seeinir 
he external rays of the fins show quite as entire 
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ivhen turned over upon the body, as sometimes occnrfi, 
aa when spread out from it in profile. Besides, in thi; 
ichlhyolites of the chalk and the Oolite, no parts of die 
skeleton are better preserved than the internal parts, — 
the vertchral joints and the internal rays. The reader 
must have observed, in the cases of a museum of Na- 
tural History, preparationsof fish of two several kindis 
— preparations of the skeleton, in which only the osse- 
ous parts are exhibited, and preparations of the exter- 
nal form, in which the whole body is shown in profile, 
with the fins spread to the full, and at least half the 
bones of the head covered by the skin, hnt in which 
the vertebral column and internal rays are wauling. 
Now, in the fossils of the chalk, with those of tlie 
other later formations, down to the New Ked Sand- 
stone, we find that the skeleton style of preparatiou 
obtains ; whereas in at least three-fourths of the ich- 
thyoHtes of the Lower Old Bed, we find only what 
we may term the external style. I had marked, he- 
sides, another circumstance in the ichthyohtes, which 
seemed, hke a nice point of circimistanttal evidence, 
to give testimony in the same line. The tails of all 
tTie iehthyolites, whose vertebral columns and inter- 
nal rays are wanting, are unequally lobed, like those 
of the dog-fish and sturgeon (both cartilaginous fishes), 
and the body runs on to nearly the termination of the 
surrounding rays. The one-sided condition of tnil 
exists, says Curier, in no recent osseous fish known 
to naturalists except in the bony pike, — a sauroid fish 
of the warmer rivers of America. With deference^ 
however, to so high an authority, it is questioi 
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whether the tail of the bony pike should not rather be 
described as a tail set on somewhat awiy, than as a 
oie-sided tail. 

All these peculiarities I could but note as they 
turned up before me, and express, in pointing them 
out to a few friends, a sort of yague, because hope- 
less, desire that good fortune might throw me in the 
way of the one man of all the world best qualified to 
explain the principle on which they occurred, and to 
decide whether fishes may be at once bony and carti- 
laginous. But that meeting was a contingency rather 
to be wished than hoped for, — a circumstance within 
the bounds of the possible, but beyond those of the 
probable. Could the working man of the north of 
Scotland have so much as dreamed that he was yet to 
enjoy an opportunity of comparing his observations 
with those of the naturalist of Neufchatel, and of hav- 
ing his inferences tested and confirmed ? 

The opportunity did occur. The working man did 
meet with Agassiz ; and many a query had he to put 
to him ; and never surely was inquirer more courte- 
ously entreated, or his doubts more satisfactorily re- 
solved. The reply to almost my first question solved 
the enigma of nearly ten years' standing. And finely 
characteristic was that reply, of the frankness and 
candour of a great mind, that can afford to make it 
no secret, that in its onward advances on knowledge 
it may know to-day what it did not know yesterday, 
and that it is content to " gain by degrees upon the 
darkness." " Had you asked me the question a fort- 
night ago," said Agassiz, " I could not have repHed 
to it. Since then, however, I have examined an ich- 
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tlijolite of the Old Red Sandstone in which the y 
tebriil joints are fortnnately impressed on the Btoi 
tliough the joints tliemselres have disappeared, i 
which, exactly resemhling the Tertebra of the shai^, 
must have been cartilaginous." In a subsequent ccn- 
versation the writer was gratified by finding mtst 
of his other fecta and inferences authenticated snA 
confirmed by those of the naturalist. I shall attenpt 
introducing to the reader the peculiarities, gena^ 
and specific, of the icbthyolites to which theae fuets 
and obaervationa mainly referred, hy describing such 
of the thmilies as are most ahundanC in the formation, 
and the points in which they either resemble 
from the existing fish of our seas. 

Of these ancient femllies, the OiMj/^pw, 
scale (see Plate IV. fig. 1), may be regarded 
trative of the general type. It was one of the i 
discovered of the Caithneas fishes, and received i 
name, in the days of Cuvier, from the osseous c 
racter of its scales, ere it was ascertained that it 1 
had numerous cotemporaries, and that to all and e 
of these the same description applied- The s 
of the fishes of the Lower Old Red Sandstone, 1 
the plates and detached prickles of ihe purely ci 
ginous fishes, were composed of a bony, not of a 
homy substance, and were all coated externally with 
enamel. The circumstance is one of interest. 

Agassiz, in his system of classification, has divu 
fishes into four orders, according to the form of tl 
8(sdes; and his principle of division, though ( 
I'ently arbitrary and tririal, is yet found t 
the class into great natural families, distingoiahed fi 
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one another by other and very striking peculiarities. 
One kind of scale, for instance, the placoid or broad- 
plated scale, is found to characterize all the cartilagi- 
nous fishes of Cuvier except the sturgeon ; — ^it is the 
characteristic of an otherwise weU-marked series, 
whose families are furnished with skeletons composed 
of mere animal matter, and whose gills open to the 
water by spiracles. The fish of another order are 
covered by ctenoid or comb-shaped scales, the poste- 
rior margin of each scale being toothed somewhat like 
the edge of a saw or comb ; and the order, thus dis- 
tinguished, is found wonderfully to agree with an 
order formed previously on another principle of classi- 
fication, the Acanthopterygii, or thorny-finned order of 
Cuvier, excluding only the smooth-scaled families of 
this previously-formed division, and including, in ad- 
dition to it, the flat fish. A third order, the Cycloi- 
dean, is marked by simple marginated scales, like 
those of the cod, haddock, whiting, herring, salmon, 
&c. ; and this order is found to embrace chiefly the 
Malacopterygii, or soft-finned order of Cuvier, — an 
order to which all these well-known fish, with an 
immense multitude of others, belong. Thus the re- 
sults of the principle of classification adopted by 
Agassiz wonderfully agree with the results of the less 
simple principles adopted by Cuvier and the other 
masters in this department of Natural History. Now, 
it is peculiar to yet a fourth order, the Ganoidean or 
shining-scaled order, that by much the greater num- 
ber of the genera which it comprises exist only in the 
fossil state. At least five-sixths of the whole were 
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ascertained to be e^inct BCTeral y^ars ago, at a time 
when the knowledge of fossil Ichthyology was much 
more limited than at present : the proportions arc 
now found to be immensely greater on the side of the 
dead. And this order seems to have included all the 
semi-oaseouB semi-cartilaginous ichthyolites of the ., 
Lower Old Red Sandstone ; the enamelled scale tiiU 
the characteristii!, according to Agassiz's principle ofl 
classification, of the existences that filled the gap w* 
often alluded to aa existing in the present creation. 
All their scales glitter with enamel : they bore to this 
order the relation that the cartilaginous fish bear to 
the Placoidean order, the thomy-finned fish to the 
Ctenoidean order, and the sofit-finned fish, to tlie 
CycloiJean order. It also included, with the semi- 
cartilaginous, the sauroid fish, — those master-exist- 
ences and tyrants of the earlier vertebrata ; and both 
classes find their representatives among the compara- 
tively few ganoid fishes of the present creation ; the 
one in the sturgeon family, which of all existing 
iamilies approaches nearest in other resjiects to the 
extinct semi-cartilaginous fishes ; the other in the 
sauroid genus Lejjidoiteug, to which the bony pike 
belongs. The head, back, and sides of the stut^eon 
are defended, as has been already remarked, by lon( 
tudinal rows of hard osseous bosses, — the bony p 
is armed with enamelled osseous scales, of a 
hardness. It seems a somewhat curious cirrum 
that fishes so unlike each other in their ii 
irame-work, should thus resemble one another i 
their bony coverings, and in some slight degree i 
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their structure of tail. One of the characteristics of 
sauroid fishes is the extreme compactness and hard- 
ness of their skeleton.* 

It requires skill such as that possessed hy Agassiz 
to determine that the imcouth Coccosteus^ or the 
equally imcouth PterxchthyB^ of the Old Red Sand- 
stone, with their long articulated tails and tortoise- 
like plates, were honafide fishes ; hut there is no pos- 
sibility of mistaking the Ogteolepis : it is obvious to 
the least practised eye that it must have been a fish, 
and a handsome one. Eren a cursory examination, 
however, shows very striking peculiarities, which are 
found, on further examination, to characterise not this 
family alone, but at least one-half the cotemporary 
families besides. We are accustomed to see verte- 
brated animals with the bone uncovered in one part 
only, — ^that part the teeth, — and with the rest of the 
skeleton wrapped up in flesh and skin. Among the 
reptiles yfe find a few exceptions; but a creature 
with a skull as naked as its teeth, — ^the bone being 

* ** The sauroid or lizard-like fishes," says Dr Bnckland, 
" combine in the stmcture, both of the bones and some of the 
soft parts, characters which are common to the class of rep- 
tiles. The bones of the skull are united by closer sutures than 
those of common fishes. The vertebrse articulate with the 
spinous processes of sutures, like the vertebrae of saurians ; 
the ribs also- articulate with the extremities of the spinous 
process. The caudal vertebrae have distinct chevron bones ; 
and the general condition of the skeleton is stronger and more 
solid than in other fishes ; the air-bladder also is bifid and cel- 
lular, approaching to the character of lungs ; and in the throat 
there is a glottis, as in sirens and salamanders, and many sau- 
rians. (Note to Bridgewater Treatise, p. 274, first edit.) 
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merely covered, as in these, Iiy a hard sluning ena^l 
inel, — and with toes also of hare enamelled bont 
would be deemed an anomaly in creation. .And ydlM 
such was the condition of the Ostnolepis, and many o 
its cotemporaries. The enameUed teeth were plac 
in jaws which presented outside a surface as naked 
and 03 finely enamelled as their own. The endA 
head was covered with enamelled ofiieous plates, fur 
nished inside lite other bones, as shown by their eel- I 
I ular conatniution, with their nourishing blood-Teasels, 
and perhaps their oil, and which rested apparently on 
the cartilaginous box, which must have enclosed the 
brain, and connected it with the Tertcbral columii,J 
1 cannot better illustrate the peculiar condition of thsfl 
lins of this ichthyohte than by the wehhed foot of v| 
water-fowl. The web or membrane in all the aqua- 
tic birds with which we are acquainted, not only con- 
nects, but also covers the toes. The web or mem- 
brane m the fins of existing fishes accoMtplishes 
similar purpose; it both connects and covers 
porting bones or rays. Imagine, however, a 
foot in which the toes — connected but not covered- 
present, as in skeletons, an upper and under si 
of naked bone ; and a very correct idea may be ft 
ed from such a foot, of the condition of fin which o 
tained among at least one half the iohthyolites of tl 
Lower Old Red Sandstone. The supporting I 
or rays seem to have been connected laterally tiy tJ 
membrane; but on both sides they presented 1 
and finely-enamelled surlitceB. In this singular das 
of fish, idl was bone without, and all was cartila; 
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^vitllin ; and the bone in every instance, whether in 
the form of jaws or of plates, of scales or of rays, 
presented an external surface of enamel. 

The fins are quite a study. I hare alluded to the 
connecting membrane. In existing fish this mem- 
brane is the principal agent in propelling the creature: 
it strikes against the water, as the membrane of the 
bat's wing strikes against the air ; and the internal 
skeleton serves but to support and stiffen it for this 
piurpose. But in the fin of the Osteolepis^ as in those 
of many of its cotemporaries, we find the condition 
reversed. • The rays were so numerous, and lay so 
thickly side by side, like feathers in the wing of a 
bird, that they presented to the water a continuous 
surface of bone, and the membrane only served to 
support and bind them together. In the fins of ex- 
isting fish we find a sort of bat-wing construction, 
— ^in those of the Osteolepis a sort of bird- wing con- 
struction. The rays, to give flexibility to the organ 
which they compose, were all jointed, as in the soft- 
finned fish, — as in the herring, salmon, and cod, for 
example ; and we find in all the fins the anterior ray 
rising fi-om the body in the form of an angular scale : 
it is a strong bony scale in one of its joints, and a 
bony ray in the rest. The characteristic is a curious 
one. 

It is again necessary, in pursuing our description, 
to refer for illustration to the purely cartilaginous 
fishes. In at least all the higher orders of these, fur- 
nished with moveable jaws, such as the sturgeon, the 
ray, and the shark, the mouth is placed far below the 
snout. The dog-fish and thorn-back are familiar in,- 
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Stances. Further, the mouth in Lony fishes is 
able on both the upper and under side, like the 
uf the parrot ; in the higher cartilagiuous fishes it vf\ 
moveable, as in quadrupeds, on the under side ouIjti* 
In all their orders, too, exeept in that of the sturgeoi 
the gills open to the water by detac-hed Bpiraoles 
breathing holes ; but in the sturgeon, as in the osseooi 
fisfacB, there in a continuous linear opening, shieldc 
by an operculum or gill-cover. In the Oileolepit thftl 
mouth opened below the snout, but not so far helow 
it as in the purely cartilaginous fishes, — not farthes 
below it than in many of the osseous ones, — thai 
the genus Aspro for instance, or than in the genuftj 
Polyneraus, or in even the haddock o 
thickly furnished with slender and sharply-pointeJ 
teeth. I have hitherto been unable fully to determine 
whether, like the mouths of the osseous fishes, it was 
moveable on botli sides, though, from the perfect form 
of what seems to be the intermaxillary bone, I can^ 
not avoid thinking it was. The gills opened, a: 
osseous fishes, in continuous lines, and were • 
by large bony opercules, that on the enomeUed s 
somewhat resemble round japanned shields. 

But while th« head of the Oateoli^U, with its a 
pendages, thus lesembled, in some points, the head?' 
uf the bony fishes, the tail, like those of most of its 
CO temporaries, differed in no respect from the fmls 
of cartilaginous ones, such as the sturgeon. Tha^ 
vertebral colunin seems to have run on to well i 
the extremity of the caudal fin, which we find dev4 
lopeil chiefly on the under side. The ti 
sided tail. Take into account wi;h these peculiar 
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ties, — ^peculiarities such as the naked skuU, jaws, and 
operculum, the naked and thickly-set rays, and the 
unequally lobed condition of tail, — a body covered 
mth scales that glitter like sheets of mica, and assume, 
according to their position, the parallelogrammical, 
rhomboidal, angular, or polygonal form, — a lateral 
line raised, not depressed, — a raised bar on the inner 
or bony side of the scales, which, like the doubled-up 
end of a tile, seems to hare served the purpose of 
fastening them in their places, — a general clustering 
of alternate fins towards the tail, — and the tout en- 
semble must surely impart to the reader the idea of 
a very singular little fish. The ventral fins front the 
space which occurs between the two dorsals, and tlie 
anal fin the space which intervenes between the pos- 
terior dorsal fin and the tail. The length of the Os- 
teolepis, in my larger specimens, somewhat exceeds 
a foot; in the smaller it falls short of six inches. 
There exist at least three species of this ichthyolite, 
distinguished chiefly, in two of the instances, by the 
smaller and larger size of their scales, compared with 
the bulk of their bodies, and by punctulated markings 
on the enamel in the case of the third. This last, 
however, is no specific difference, but common to the 
entire genus, and to several other genera besides. 
The names are, Osteolepis Macrolepidotus^ 0, Miavle- 
pidotus, and 0, Arenaceus. 

Next to the Osteolepis we may place the Dlpterus^ 
or double- wing, of the Lower Old Red Sandstone, an 
ichthyolite first introduced to the knowledge of geo- 
logists by Mr Murchison, who, with his friend Mr 
Sedgwick, figured and described it in a masterly 
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paper on tJie older sedimentary formations of 
north of Scotlfliid, whicli appeared in tbe TrangaO' 
ttont of t/ie Oeulogieal Socittj/ of London, for 1828. 
The uame, derived from its two dorsals, would suit 
eij^ually well, like that of the Onteolepig, many of its 
mcpre rec-ently discovered cotemporaries. From the 
latter ichthyolite it differed chiefly in the position of 
its fins, which were opposite, not alternate ; the double 
dorsals exactly fronting the anal and ventral finn (see 
Plate V, fig. 1). The Diploptertm, a nearly resem- 
liiing ichthyolite of the same formation, also owes 
its name to the order and arrangement of its fins. 
whioh, like tliose of the Diplerut, were placed front- 
ing each other, and in pair^. But the head, in pro- 
portion to the body, whs of greater size than in either 
the Dipterus or Oitealtph ; and the mouth, as indi- 
cated by the creature's length of jaw, must have 
of much greater width. In their more striking 
racteristics, however, the three genera seem to have 
nearly agreed. In alt alike, scales of bone glisten 
with enamel ; their jaws, enamel without and lione 
ivitbin, hriatle thick with sharp-pointed teeth ; closely- 
jointed plates, burnished like ancient helmets, cover 
their beads, and seem to have formed a kind of outer 
tabic to skulls externally of bone and internally o£ 
cartilage ; their gill-covers conaiat each 
piece, like the gill-cover of the sturgeon ; their 
were formed chiefly on the lower side of their bodies f- 
and the rays of their Ibis, enamelled like their plates 
and their scales, stand up over the connecting mem- 
brane, like tbe steel or brass in that peculiar iirmour of 
the middle ages, whose multiludiuous pieces of 
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were fastened together on a groundwork of cloth or of 
leather. All their scales, plates, and rays, present a 
similar style of (Hnament. The shining and polished 
enamel is mottled with thickly-set punctures, or rather 
punctulated markings ; so that a scale or plate, when 
yiewed through a microscope, reminds one of the cover 
of a saddle. Some of the ganoid scales of Burdie 
^ouse present surfaces similarly punctulated. 

The Gli/ptolepis^ or carved scale, may he regarded 
as the representative of a femily of the Lower Old 
Red Sandstone, which, differing reiy materiaUy from 
the genera described, had yet many traits in common 
"with them, such as the bare bony skidl, the bony 
scales, the naked rays, and the unequally-sided con- 
dition of tail. The fins, which were of considerable 
length in proportion to their breadth of base, and pre- 
sent in some of the specimens a pendulous-like ap- 
pearance, cluster thick together towards the creature's 
lower extremities, leaving the upper portion bare. 
There are two dorsals placed as in the Dipterivs and 
Diplopterus^ — ^the anterior directly opposite the ven- 
tral fin, the posterior directly opposite the anal. The 
tail is long and spreading ; — ^the rays, long and nu- 
merously articulated, are comparatively stout at their 
base, and slender as hairs where they terminate. The 
shoulder-bones are of huge dimensions, the teeth ex- 
tremely minute. But the most characteristic parts of 
the creature are the scales. They are of great size 
compared with the size of the animal. An individual 
not more than half a foot in length, the specimen 
figured (see Plate V. ^g. 2), exhibits scales fully 
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tliree-eiglitli parts of an inch in diameter, tn an- 
other more broken specimen there are scales a full 
inch across, and }'et the length of the ichthyolile to 
which they Itelonged seems not to have niach exceed- 
ed a foot and a half. Each scale consists of a douhle 
plate, an inner and an outer. The Btructure of the 
inner is not peculiar to the fitinily or the formation : 
it is formed of a number of minute concentric circles, 
crossed by still minuter radiating lines, — the one de- 
scribed, and the other proceeding Irom a common 
centre (see Plate V, fig. 5). AH scales that receive 
their accessionB of growth equally at their edges, ex- 
hibit internally a corresponding character. The outer 
plate presents an appearance less common. It seema 
reUeved into ridges that drop adown it like sculp- 
tured threads, some of them entire, some broken, 
some straight, some slightly waved (see Plate V. fig. 
3) i and henee the name of the ichthyolite. The 
plates of the head were ornamented in a similar style, 
but their threads are so broken as to present the ap- 
pearance of dotted lines, the dots all standing out in 
bold relief. My collection contiuns three varieties of 
this family ; one of them disinterred from out the 
Cromarty beds about seven years ^o, and the others 
only a little later, thougli, partly from the inadequt 
of a written description, through which I w 
confound the Otteolepi* with the Diplopterta, and I 
regard the Gl>/ptolepi» as the OiUoUpu, 1 was mrf 
aware until lately that the discovery was really such; 
and under the lattur name I described the creature io 
the Witntii newspaper several weeks e 
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teived the name wliich it now bears. It was first in- 
troduced to the notice of Agassiz in autumn last by 
Lady Gumming of Altyre. The species, howeyer, 
was a different one firom any yet found at Cromarty. 
The Cheirolepie^ or scaly pectoral, forms the repre- 
sentatiye of yet another family of the Lower Old Red 
Sandstone^ and one which any eye, however imprac- 
tised, could at once distinguish from the families just 
described. Professor Traill of the University of Edin- 
burgh, a gentleman whose researches in Natural His- 
tory have materially extended the boimdaries of know- 
ledge, and whose frankness in communicatiog infor- 
mation is only equalled by his facility in acquiring it, 
was the first discoverer of this family, one variety of 
which, the Chdrolepis Trailli% bears his name. The 
figured specimen (Plate VI. fig. 1) Agassiz has pro- 
noimced a new species, the discovery of the writer. In 
all the remains of this curious fish which I have hi- 
therto seen, the union of the osseous with the cartila- 
ginous, in the general firamework of the creature, is 
strikingly apparent. The external skull, the great 
shoulder-bone, and the rays of the fins, are all un- 
equivocally osseous ; the occipital and shoulder-bones 
in particular seem of great strength and massiveness, 
and are invariably preserved, however imperfect the 
specimen in other respects ; whereas, even in speci- 
mens the most complete, and which exhibit every 
scale and every ray, however minute, and show un- 
changed the entire outline of the animal, not a frag- 
ment of the internal skeleton appears. The Cheirole- 
pis seems to have varied from fourteen to four inches 
in length. When seen in profile, the under line, as in 
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the figured Tariety, ae«ni8 thickly coTered with fins, 
and the upper line well nigh oaked. The large pec- 
torals almost encroach on the ventral fine, and the 
TeutTal§ on the anal fin ; whereas the hack, for two- 
thirds the entire length of the creature, presents a bare 
rectilinear ridge, and the single dorsal, which rises but 
a little way over the tail, immediately opposite the 
posterior portion of the anal fin, is comparatively of 
small size. The tail, which, in the general condition 
of heing deTeloped chiefly on the lower aide, resem- 
bles the tails of all the creature's cotemporariea, is 
elegantly lobed. The scales, in proportion to the bulk 
of the body which they cover, are not more than one- 
twentieth the size of those of the Oeteol«p{s. They 
are richly enamelled, and range diagonally from the 
shoulder to the belly in waving lines ; and so fretted 
is each individual scale by longitudinal grooves and 
ridges, that on first bringing it under the glass, it 
seems a tittle bunch of glittering thorns, though, when 
nioi-e minutely esamined, it is foimd to present some- 
M'liat the appearance of the outer side of the deep-sea 
cockle, with its strongly-marked ribs and channels, 
the point in which the posterior point terminates re- 
presenting the hmge (see Plate VI. fig. 2). Tlie 
Iranes of the head, enamelled like the scales, are 
carved into jagged inequalities, somewhat resembling 
those on the skin of the shark, but more insular. 
Tlie sculpturings seem intended evidently for effect. 
To produce harmony of appearance between tlie scaly 
coat and the enamelled occipital plates of bone, tlie 
surfaces of Ibe latter are relieved, where ihey bordiT 
on the shoulders, into what seem scales, just as tliu 
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dead walls of a building are somedmes, for the sake 
of uniformity, wrought into blind windows. The ena- 
melled^rajs of the fins are finished, if I may so speak, 
after the same style. They lie thick upon one an- 
other as the fibres of a quill, and, like these too, they 
are imbricated on the sides, so that the edge of each 
seems jagged into a row of prickles (see Plate VI. ^g, 
3). The jaws of the Cheirolepis were armed with 
thickly-set sharp teeth, like those of its cotemporaries 
the Osteol^ns and Diplopterus, 
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There rests in the neiglibourhood of Cromarty, 
the upper stratum of one of the richest ichthyolite 
heds I have yet seen, a huge water-rolled boulder of 
granitic gneiss, which must have been a traTeller in 
some of the later periods of geological change, from 
a mountain range in the interior highlands of Koss- 
sliiie, more than sixty miles away. It is an uncouth- 
looking mass, several tons in weight, with a flat upper 
surface, like that of a table ; and as a table, when en- 
gaged in collecting my specimens, I have often found 
occasion to employ it. I have covered it 
without number, with fragments of fossil fish, — i 
plates, and scales, and jaws, and fins, and, when 
search proved successful, with entire ichthyt 
Wlij did I always arrange them, almost wil 
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thinking of the matter, into three groupes ? Why, 
even when the mind was otherwise employed, did the 
fragments of the Coccosteus and Pterichtkya come to 
occupy one comer of the stone, and those of the vari- 
ous fish just described another comer, and the equally 
well-marked remains of a yet different division a third 
comer ? The process seemed almost mechanical, so 
little did it employ the attention, and so inyariable 
were the residts. The fossils of the surrounding bed 
always found their places on the huge stone in three 
groupes, and at times there was yet a fourth group 
added, — a group whose organisms belonged not to the 
smvripA^ but the vegetable kingdom. What led to the 
arrangement ? or in what did it originate ? In a prin- 
ciple inherent in the human mind, — ^that principle of 
classification which we find pervading all science, — 
which ^ves to each of the many cells of recollection 
its appropriate facts, — and without which all know- 
ledge would exist as a disorderly and shapeless mass, 
too huge for the memory to grasp, and too heteroge- 
neous for the understanding to employ. I have de- 
scribed but two of the groupes, and must now say a 
very little about the principle on which, justly or 
otherwise, I used to separate the third, and on the 
distinctive differences which rendered the separation 
so easy. 

The recent bony fishes are divided, according to 
the Cuvierian system of classification, into two great 
orders, the soft-finned and the thorny-finned order, — 
the Mcdacopterygil and the AcanthopterygiL In the 
former the rays of the fins are thin, flexible, articulated, 
branched; each ray somewhat resembles a jointed 
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I)3inl)oo, with this tUffetence, however, th&t wl 
seema ii single ray at hottom, branches out into 
or four rays atap. In the latter {the tlinmy-fii 
order), — especially in their anterior dorsal, and 
haps anai fins, — the raya are stiff continuous s] 
of boue, and each stauds detached as a apear, wiihont ' 
joint or branch. The perch may be instanced as a 
familiar iUuBtration of this order, — the gold-fish of the 
other. Now, between the tins ai two sets — shall [ 
venture to say orders ? — of tbe ichthyolites of the 
Lower Old Rod Sandstone, an equally striking differ- 
ence obtains. The fin of the 0»teo^epit^ ■nilh its sur- 
face of enamelled and minutely- jointed hones, I have 
already described as a sort of bird-wing fin. The 
naked rays, with their flattened surlitces, lay thick 
together as feathers in the vring of a bird, — so thick 
as to conceal the connecting membrane ; and fins of 
similar construction characterized the families of tlie 
Dipterut, I}lploplerus, GtyptoUpit, C'ieirolepU, Hol<yi~ 
tr/chim, and, I doubt not, many other ^milies of tbe 
same period, which await the researches of future dis- 
coverers. But the fins of another set of ichthyoliCes. 
their eolemporaries, may be described as hatwing fins : 
Ihey presented to the water a broad expanse of 
brane ; and tlie solitary ray which survives in 
tvas not a jointed, but a continuous spear-like 
The fins of this set, or order, me tliomy fins, like tl 
iii' the Aatnthopteryffii 
with the esception of perhaps tlie caudal fin, which 
diilm in construction from the others, is composed of 
A strong bony spike. Such, with some tacit re 
perhaps, to the similar Cuvierian principle of 
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cation, were the distinctiye differences, on the strength 
of which I used to arrange two of my groupes of fos- 
sils on the granitic boulder ; and the influence of the 
same principle, almost instinctively exerted, — ^for in 
writing the previous pages I scarce thought of its ex- 
istence, — has, I find, given to each group its own 
chapter. 

Of the membranous-finned and thorny-rayed order 
of ichthyolites, the CheiracanthiLS^ or thorny-hand, i. e. 
pectoral, may be regarded as an adequate representa- 
tive (see Plate VII. fig. 1). The Cheiracantkus must 
have been an eminently handsome little fish, — slim, 
tapering, and described in all its outlines, whether of 
the body or the fins, by gracefully-waved lines. It is, 
however, a rare matter to find it presenting its original 
profile in the stone ; — ^none of the other ichthyolites 
are so frequently distorted as the Clmr acanthus. It 
seems to have been more a cartilaginous and less an 
osseous fish than most of its cotemporaries. However 
perfect the specimen, no part of the internal skeleton 
is ever found, not even when scales as minute as the 
point of a pin are preserved, and every spine stands 
up in its original place. And hence, perhaps, a greater 
degree of flexibility, and consequent distortion. The 
body was covered with small angular scales, brightly 
enamelled, and delicately fretted into parallel ridges 
that run longitudinally along the upper half of the 
scale, and leave the posterior portion of it a smooth 
glittering surface (see Plate VII. ^g, 2). They dimi- 
nish in size towards the head, which, from the faint 
stain left on the stone, seems to have been composed 
of cartilage exclusively, and either covered with skin 



1 1 i THE OLD RKD SANDSTONE. 

or wiih scales of extreme minuteness. The lower fdgfl 
of the operculum beaia a ta^ed fringe, like that of <fl 
curtain. The tail, a fin of considerable power, bad the 
unequal-sided character common to the formation ; and 
the slender and numerous rays on both sides are sepa:- 
rated by so many articulations as to present the appear- 
ance of parallelogranunical scales. The other fins are 
lioraparatirely of small eize. There is a angle doisal 
placed about two-thirds the entire length of the crea» . 
ture adonn the back ; and exactly opposite its posti 
rior edge is the anterior edge of the anal fin. 
vuntral fins are placed high upon the belly, somewln 
like those of the perch; the pectorals only a littl 
higher. But it is nither in the construction o 
fins than their position that the peculiarities of I] 
ClwiracantkuM are most marked. The anterior edge 
of each, as in the pectorals of the existing genera 0»- 
traeit/n and C/iimwm, ia formed of a strong lai^ 
spine. In the Chinusra Boreaiit, a cartilaginous fish 
of the Northern Ocean, the spine seems placed in 
front of the weaker rays, just, if I may be allowed 
the comparison, as, in a line of mountaineers engaged 
in crossing a swoUen torrent, the strongest man in the 
party is placed on the upper side of the line, to break 
off the force of the current from the rest. In the 
Cheiraeanthit*, howerer, each fin seems to consist of 
but a single spine, with an angular membrane filed 
to it by one of its sides, and attached to the creature's 
body on the other. Its fins are masts and sails, the 
spine representing the mast, and the membrane the 
sail; and it is a curious characteristic of the order, 
that the membrane, like the body, of the ichthyolite. 
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is thickly covered with minute scales. The mouth 
seems to have opened a yeiy little under the snout, as 
in the haddock ; and there are no indications of its 
haying been furnished with teeth. 

An ichthyolite first discovered by the writer about 
three years ago, and introduced by him to the notice 
of Agassiz during his recent visit to Edinburgh, but 
still unfurnished with a name, is a still more striking 
representative of this order than even the Chdrdcan- 
thug. It must have been proportionally thick and 
short, like some of the tropical fishes, though rather 
handsome than otherwise (see Plate VIII. ^g. 1). 
The scales, minute, but considerably larger than those 
of the Cheira4Mnthti8^ are of a rhomboidal form, and so 
regularly striated, — ^the strisB converging to a point at 
the posterior termination of each scale, — ^that, when ex- 
amined with a glass, the body appears as if covered with 
scallops (see Plate YIII. fig. 3). It seems a piece of 
exquisite shell-work, such as we sometimes see on the 
walls of a grotto. There are two dorsals, the posterior, 
immediately over the tail, and directly opposite the aaal 
fin ; the anterior, somewhat higher up than the ven- 
trals ; and all the fins are of great size. The anterior 
edge of each is formed of a strong spine, round as the 
handle of a halbert, and diminishing gradually and 
symmetrically to a sharp point. Though formed ex- 
ternally of solid bone, it seems to have been composed 
internally of cartilage, like the bones of some of the 
osseous fishes, those of the halibut for instance ; and 
the place of the cartilage is generally occupied in the 
stone by carbonate of lime. The membrane which 
formed the body of the fin was covered, like that of 
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llie Chfiracanlhia, with minute scideB, of tKe same 
scallop-like pattern with the rest, but of aot more 
than one-sixth the size of those which cover the creu- 
turc's sides and back. Imagine two lug'Sails HtifHy 
extended between the deck of a brigantine and lier 
two masts, the latter Talcing as far aft as to form uu 
angle of sixty degrees with the horizon, and some 
idea may he formed of the dorsals of this singular 
fish. They were lug-sails, fonned not to be a'jted 
upon by the air, hut to act upon tie water. None of 
tny specimens show the head ; but judging from analo- 
gies furnished by the other families of the group, I 
entertain little doubt that it will be found to be cover- 
ed, not by bony plates, but by minute scales, dimi- 
nishing, as they approach the snout; into mere points. 
In none of the specimens does any part of the internal 
skeleton survive. 

My collection contains the remains of yet another 
fish of this group, which was unfurnished ivith u 
name only a few months ago, but which I first dis- 
covered about five years since (see Plate VIII, fig. 
2). It is now designated the Diplacantfcut, and, 
though the smallest ichthyohle of the fonnation yet 
known, it is by no means the least curious. The 
length from head to tail in some of my specimens 
does not exceed three inches ; the krgest fall a little 
short of five. The scales, which are of such extreme 
minuteness that their peculiarities can he detected by 
only a powerful glass, resemble those of the CAeiraetm- 
t/iim; but the ridges are more waved, and seem, instead 
of running in nearly parallel lines, to converge toward 
llie apes. There are t>vo dorsals, the one rising im- 
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mediately from the shoulder, a little below the nape ; 
the other directly opposite the anal fin. The ventrals 
are placed near the middle of the belly. There is a 
curious mechanism of shoulder-bone involved with a 
lateral spine and with the pectorals. The creature, 
imlike the Cheircuianihu9^ seems to have been fiimish- 
ed with jaws of bone : there are fragments of bone 
upon the head, tuberculated apparently on the outer 
surface ; and minute cylinders of carbonate of lime 
running along all the larger bones, where we find 
them accidentally laid open, show that they were 
formed on internal bases of cartilage. But the best- 
marked characteristic of the creature is furnished by 
the spines of its fins, which are of singular beauty. 
Each spine resembles a bundle of rods, or rather, — 
like a Gothic column, — ^the sculptured semblance of a 
bundle of rods, which finely diminish towards a point, 
sharp and taperiag as that of a rush (see Plate YIII. ^g. 
4). The rest of the fin presents the appearance of a 
mere scaly membrane, and no part of the internal skele- 
ton appears. Perhaps this last circimistance, common 
to all the ichthyolites of the formation, if we except the 
families of the Coccostetis and PUrichthys^ may throw 
some light on the apparently membranous condition of 
fin peculiar to the families of this order. What ap- 
pears in the fossil a mere scaly membrane attached to 
a single spine of bone, may have had in the living ani- 
mal a cartilaginous frame- work, like the fins of the 
dog-fish and thorn-back, that are amply furnished 
>vith rays of cartilage, — ^though, of course, all such 
rays must have disappeared in the stone, like the rest 
of the internal skeleton. Unquestionably the caudal 
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fin of the two unnamed fossils described must have 
been strengttened by some such internal framework ; 
for, as they differ from the other fins in being iinpro- 
Tided with osseous spines, they would hare formed, 
without an internal skeleton, mere pendulous attach- 
ments, altogether unfitted to serve the puq)ose of in- 
struments of motion. There may be found in the 
bony spines of aU this order direct proof that, had 
there been an internal skeleton of bone, it would 
have suiTived. The spines run deep into the body, 
as a ship's masts run deep into her hulk ; and we 
can see them standing up among the scales to their 
termination, in such bold relief, that, troia a sort of 
pictorial illusion, they seem as if fixed to the creature's 
sides, and foreshortened, instead of rising in profile 
from its hack or belly (see Plate VIll. fig. 1). The 
observer will of course remember, that in the living 
animal the view of the spine must have terminated 
with the line of the profile, jnst as the view of a 
vessel's mast terminates with the deck, though the 
mast itself penetrates to the interior keel. Now it 
must be deemed equally obvious, that had the verte- 
bral column been of bone, not of cartilage, instead of 
exhibiting no trace, even the faintest, of having ever 
existed, it would have stood out in as high relief as 
the internal butts or stocks of the spines. And such 
are the general characteristics of a few of the ichthyo- 
lites of this lower formation of the Old Red Sand- 
stone, — a few of the more striking fonna, sculptured, 
if I may so speak, on the middle compartment of the 
Caithness pyramid. It would be easy rendering IJ 
list more complete at evcu the present stage, wlMj 
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tlie field is still so new tliat almost every labourer in 
it can exhibit genera and species unknown to bis 
brother labourers. The remains of a species ofHolop- 
tychius have been discovered low in the formation, at 
Orkney, by Ihr Traill; similar remains have been 
found in it at Ganuie. In its upper beds the speci- 
mens seem so different from those in the lower, that 
in extensive collections made from the inferior strata 
of one locality, Agassiz has been imable to identify 
a single specimen with the specimens of collections 
made from the superior strata of another, though the 
genera are the same. Meanwhile there are heads 
and hands at work on the subject ; Geology has be- 
come a Briareus ; and I have little doubt that in five 
years hence this third portion of the Old Red Sand- 
stone will be found to contain as many distinct varie- 
ties of fossil fish 86 the whole geological scale was 
known to contain fifteen years ago. 

There is something very admirable in the consis- 
tency of style which obtains among the ichthyolites 
of this formation. In no single fish of either group 
do we find two styles of ornament, — in scarce 5ny two 
fishes do we find exactly the same style. I pass fine 
buildings almost every day. In some there is a dis- 
cordant jumbling, — ^an Egyptian Sphynx, for instance, 
placed over a Doric portico ; in all there prevails a 
vast amount of timid imitation. The one repeats 
the other, either in general outline or in the subordi- 
nate parts. But the case is otherwise among the 
ichthyolites of the Old Red Sandstone ; nor does it 
lessen the wonder, that their nicer ornaments should 
yield their beauty only to the microscope. There is 
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unity of character in erery ecale, plate, and fin, 
unity such as all men of taste hare learned 
iu those three Grecian orders from which, the 
genuity of Rome was content to borrow, whi 
feascd to invent, — in the masculine Doric, — the chi 
and graceful Ionic, — the exquisitely elegant Corii 
thian ; and yet the unassisted eye fails to discover 
the finer evidences of this unity : it would seem as 
if tlie adorable Architect had wrought it out in secret 
ivith reference to the Divine idea alone. The artist 
who sculptured the cherry-stone consigned it to a ca- 
binet, and placed a microscope beside it ; — the 
croscopic beauty of these ancient fish 
to the twihght depths of a primeval ocean. Thei 
a feeling which at times grows upon the painter 
the statuary, as if the love and the perception ol 
beautiful had been sublimed into i> kind of n 
sense. Art comes to be pursued for its own sake 
csquisite conception in the mind, or the elegant 
elaborate model, becomes all in all to the worker, 
the dread of criticism or the appetite of praise all 
nothing And thus, through the influence of a po' 
somewhat akin to conscience, but whose provini 
uot the just and the good, but the fair, the rcfuu 
the excuiisite, have works prosecuted in solitude, anf 
never intended for the world, been found fraught with 
loveliness. iSir Thomas Lawrence, when finishing, 
with the most consummate care, a picture 
for a semi-barbarous foreign court, was asked 
he took BO much pains with a piece destined, perl 
never to come under the eye of a coimoisseur. 
cannot help it," he replied ; " I do the best I 
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unable, throi^h a tyrant feeling, that will not brook 
offence, to do anything less." It would be perhaps 
over-bold to attribute any such overmastering feeling 
to the Creator ; and yet certain it is, that among his 
creatures well nigh all approximations towards perfec- 
tion, in the province in which it expatiates, owe their 
origin to it, and that Deity in all his works is his own 
rule. 

The Osteoiqns was cased, I have said, from head 
te tail, ilk complete armour. The head had its plaited 
mail, the body its scaly mail, the fins their mail of 
parallel and jointed bars ; the entire suit glittered with 
enamel ; and every plate, bar, and scale, was dotted 
with microscopic points. Every ray had its double 
or treble punctulated row, every scale or plate its 
punctulated group; the markings lie as thickly in 
proportion to the fields they cover, as the circuW per- 
forations in a lace veil ; and the effect, viewed through 
the glass, is one of lightness and beauty. In the- 
Ckeirolepis an entirely different style obtains. The 
enamelled scales and plates glitter with minute ridges^ 
that show like thorns in a December morning var- 
nished witji ice. Ev«fy ray of the fins presents its 
serrated edge, every occipital plate and bone its sculp- 
tured prominences, every scale its bunch of prickle- 
like ridges* A more rustic style characterized the 
Glyptolepis, The enamel of the scales and plates is 
less bright ; the sculpturings are executed on a larger- 
scale, and more rudely finished. The relieved ridges, 
waved enough to give them a pendulous appearance, 
drop adown the head and body. The rays of the 
fins, of great length, present also a pendulous appear- 

G 
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iincp. The bones and scales seem disproportionalely 
large. There is a general rudeness in the finish of 
tlie creature, if I may so speak, that reminds o 
file tatooiugs uf a savage, or the corresponding 
of art in wliich. he ornaments the handle of bis s 
hatchet or his war-elub. In the Cheiraeanlktu, 
the contrary, there is much of a minute and cabinet- 
like elegance. The silvery smoothness of the fius. 
dotted with scarcely visible scales, haimonized with 
a similar appearance of head ; a s^le of sculpture 
rEsembling the parallel etcbings of the line engraver 
fretted the scales ; the fins were small, and the con- 
tour elegant. I have already described the appear- 
ance of the unnamed fossils, — the seeming sbell-work 
that covered the sides of the one, — its mast-like spines 
:ind sail-like fins ; and the Gotliic-like peculiaritit 
tliat cliaracterized the other, — its rodded, obelisk- 
spires, and the external framework of bone 
stretched along its pectorals. 

Till very lately it was held that the Old Red Sant 
stone of Scotland contained no moUusca. 1 
difficult, however, to imagine it sea aboundiii 
!ind yet devoid of shells. In all my esploratioi 
therefore, I had an eye to the discovery of the latti 
and on two several occasions I disinterred what I 
jposed might have fbrmed portions of a cardiuni or 
terebratula. On applying the glass, however, tliL' 
piinctulated character of the surface showed that 
supposed shells were but parts of the concave 
ntet-like plate that covered the snout of the 0*t 
In the icbthyolite beds of Cromarty 
S[or..y, BanrtU'wil', Voxi:^r, Fife, and Ber«ickslii 
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not a single shell lias yet been found ; but there have 
been discoyered of late, in the upper beds of the 
Lower Old Red Sandstone in Caithness and Orknej, 
the remains of a small delicate biyalye, not yet de- 
scribed or figured, but which yeiy much resembles a 
Ventis (see Plate V. fig. 7). In the Tilestones of 
England, so carefully described by Mr Murchison in 
his Silurian System, shells are yery abimdant ; and 
the fact may now be regarded as established, that the 
Tilestones of England belong to a deposit contempo- 
raneous with the ichthyolite beds of Caithness and 
Cromarty. They occupy the same place low in the 
base of the Old Red ; and there is at least one ich- 
thyoUte common to both,* and which does not occur 
in the superior strata of the system in either country, — 
the Dipterus Macrolepidotus. The evidence that the 
fish and shells lived in the same period, and represent 
therefore the same formation, may be simmied up hi 
a single sentence. We learn from the geology of 
Caithness that this species of Diptertis was unques- 
tionably cotemporary with all the other ichthyolites 
described ; — we learn from the geology of Hereford- 
shire that the shells were as imquestionably cotempo- 
rary with it. These — ^the shells — are of a singularly 
mixed character, regarded as a group, uniting, says 
Mr Murchison, forms at one time deemed character- 
istic of the more modem formations, — of the later 
secondary, and even tertiary periods, — with forms the 
most ancient, and which characterize the molluscous 
remains of the transition rocks. Turbinated shells 

* Silurian System, part ii. p. 599. 
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imtl Livalvea of well nigh the recent type may 
found l.ving side by aide with ehamljered Orthi 
titea and Terebratula.* 

The vegelable remaiDS of the formation are nume- 
lous but obscure, consisting mostly of carbonaceous 
markings, such as might be formed by coromisuted 
sea-weed (see Plate VII.) Some of the impressions 
fork into branches at acute augles (see figs. 4, 5, and 
8) ; some affect a waved outhne (see figa. 7 and 8) ; 
luoat of them, however, are straight and undivided. 
They lie in some places so thickly in layers as lo 
give the stone in which they occur a slaty character. 
One of my specimens shows minute markings, some- 
what resembling the bird-like eyes of the Stigmaria 
Ficoides of the Coal Measures ; — the branches of an- 
other terminate in minute hooka, that remind one Af 
the hooks of the young tendrils of the pea wh 
first begin to turn (see fig, 3). In yet anothi 
are marks of the ligneous fibre: when examined hy 
tlie glaas, it resembles a bundle of horse-hairs lying 
stretched in parallel lines ; and in this specimen alone 
have I found aught approaching to a proof of a terres- 
trial origin. The deposition seems to hare taken 
place far fix)m land ; and this lignite, if in reality 
such, had probably drifted far ere it at length become 
iTcightier than the supporting fluid, and sank. It is 
by no meana rare to find fragments of wood that hare 
been bomc out to sea by the gulf-stream from ihc 
shorea of Mexico or the West Indian islands, stnuu 
on the rocky coaats of Orkney and Shetland. 

• Silurian Fssltm, imrt i. p. lUS. 
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The dissimilarity wliich obtains between tbe fossils 
of the cotemporary formations of this system in Eng- 
land and Scotland is instructive. The group in the 
one consists mainly of molluscous animals, — ^in the 
other, almost entirely of ichthyolites, and what seems 
to have been algae. Other localities may present us 
with yet different groupes of the same period, — ^vith 
the productions of its coasts, its lakes, and its rivers. 
At present we are but beginning to know just a little 
of its littoral sheUs, and of the fish of its profoimder 
depths. These last are surely curious subjects of in- 
quiry. We cannot catechize our stony ichthyolites, 
as the necromantic lady of the Arabian Nights did 
the coloured fish of the lake, which had once been a 
city, when she touched their dead bodies with her 
wand, and they straightway raised their heads and 
replied to her queries. We would have many a ques- 
tion to ask them if we could, — questions never to be 
solved. But even the contemplation of their remains 
is a powerful stimulant to thought. The wonders of 
Geology exercise every faculty of the mind, — ^reason, 
memory, imagination ; and though we cannot put our 
fossils to the question, it is something to be so aroused 
as to be made to put questions to one's self. I have 
referred to the consistency of style which obtained 
among these ancient fishes, — ^the unity of character 
which marked every scale, plate, and fin of every 
various family, and which distiaguished it from the 
rest. And who can doubt that the same shades of 
variety existed in their habits and their instincts? 
We speak of the infinity of Deity, — of His inex- 
haustible variety of mind ; but we speak of it until 
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the idea beomes a piece of mere common-place \a 
our mouths. It is well to be brought to feel, if not 
to conceive of it,— to be made to know that we our- 
selves are barren-minded, and that io Him " all 
fulness dwelleth." Succeeding creations, each n-ith 
its mjriadB of existences, do not exhaust Ilim. He 
never repeats himself. The curtain drops at his com- 
mand over one scene of existence full of wisdom and 
beauty, — it rises again, and all is glorious, ivise, and 
beautifiil as before, and all ,is new. Who can sum up 
the amount of wisdom whose record He has written 
in the rocks,— wisdom exhibited in the succeeding 
creations of earth, ere man was, but which was eshi- 
l)ited surely not in vain '( May we not say with Mil- 

Tbinh not though men vrere none, 
That lieavflQ coald want spectatorB, God witnt praise: 
Millions of spiritaal oreatnrea walked the earth. 
And these >vith ceaseless praise his works b^cld. 

It is well to return on the record, and to read in 
its unequivocal characters the lessons which it was 
intended to teach. Infidelity has often misinterpreted 
its meaning, but not the less on that account has it 
lieeu inscribed for purposes alike wise and benevolent. 
Is it nothing to be taught with a demonstrative 
dence which the metaphysician cannot supply, 
races are not eternal, — that every fdjnily had its 
ginning, and that ivhole creations have ci 
.■nd i 
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CHAPTER VI. 



The Lines of the Geographer rarely right Lines. — These last, 
howeyer, always worth looking at when they occur. — Strik- 
ing instance in the Line of the Great Caledonian Valley. — 
Indicative of the Direction in which the Volcanic Agencies 
have operated. — Sections of the Old Red Sandstone famish- 
ed by the Granitic Eminences of the Line. — Illustration. — 
Lias of the Moray Frith. — Surmisings regarding its original 
Extent. — ^These lead to an Exploratory Ramble.— Narra- 
tive. — Phenomena exhibited in the course of half an hour's 
Walkar— The little Bay«— Its Strata and their Organisms. 



The natur^ boundaries of tlie geographer are rarely 
described by right lines. Wherever these occur, how- 
ever, the geologist may look for something remark- 
able. There is one very striking example furnished by 
the north of Scotland. The reader, in consulting a map 
of the kingdom, will find that the edge of a ruler laid 
athwart the country in a direction from south-west to 
north-east, touches the whole northern side of the 
great Caledonian Valley, with its long straight line of 
lakes, — ^and onwards, beyond the valley's termination 
at both ends, the whole northern side of Loch Eil 
and Loch Linnhe, and the whole of the abrupt and 
precipitous northern shores of the Moray Frith, to 
the extreme point of Tarbat Ness, — a right line of 



coiifiideraliiy more than a Limdred miles. Nor < 
the geography of the globe furnish a line better 
fined by natural marks. There is both rampart awl 
fosse On the one hand wre have the rectilinear loclia 
an! lakes, w th an average profundity of depth more 
tha e (ual to that of the German Ocean, and, added 
to ll esc the rectilinear lines of frith ; on the other 
1 an 1 n th but few interruptions, there is an inclined 
all of rock vhich rises at a steep angle in the inte- 
rior to nearly two thousand feet over the level of the 
Great Canal, and overhangs the sea towarda its north- 
em termination, in precipices of more than a hundred 

The direction of this rampart and fosse — this 
man wall of Scottish geological history — seema 
have been that in which the volcanic agencies chiefly 
operated in upheaving the entire island from the 
abyss. The line survives as a sort of foot-track, hol- 
lowed by the frequrait tread of earthquakes, to mi 
the course in which they journeyed. Like 
great lines in a trigonometrical surrey, it enables 
too, to describe the lesser lines, and to determine 
average bearing. Ths volcanic ayencia mu»t hi 
e.rteitded athwart thu country from loutk-wett to 
fast. Mark in a map of the island — all the belter if 
it be a geological one — the line in which most of 
mountain ranges stretch across from the (ien 
Ocean to the AlJantic, — the line, too, in which 
friths, lochs, and bays, on both llie eastern and w 
em coasts, and especially those of the latter, run i 
tlie interior. Mark, also, the line of the geologii 
;, ivherc least broken by insulated grou] 
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of hills, — the line, for instance, of the Old Red Sand- 
stone belt, which flanks the southern base of the 
Grampians, — the nearly parallel line of our Scottish 
Coal-field, in its course from sea to sea, — the line of 
the Grauwacke, which forms so large a portion of the 
south of Scotland, — ^the line of the English Coal-field, 
of the Lias, of the Oolite, of the chalk, — and how in 
this process of diagonal lining, if I may so speak, 
the south-eastern portion of England comes to be cut 
off from the secondary formations altogether, and, 
but for the denudation of the valley of the Weald, 
would have exhibited only tertiary, depositions. In 
all these lines, whether of mountains, lakes, friths, or 
formations, there is an approximation to parallelism ^ 
with the line of the great Caledonian Valley, — ^proofs 
that the upheaving agency firom beneath must have 
acted in this direction from some unknown cause, 
during all the immensely-extended term of its opera- 
tions, and along the entire length of the island. It 
is a fact not amworthy of remark, that the profound 
depths of Loch Ness undulated in strange sympathy 
with the reeling towers and crashing walls of Lisbon, 
during the great earthquake of 1755 ; and that the 
impulse, true to its ancient direction, sent the waves 
in huge furrows to the north-east and the south-west. 
The north-eastern portion of this rectilinear wall or 
chain runs, for about thirty miles, through an Old 
Red Sandstone district. The materials which com- 
pose it are as unlike those of the plain out of which 
it arises, as the materials of a stone-dike running 
half-way into a field are amlike the vegetable mould 
which forms the field's surface. The ridge itself is 
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'>f II grajiitic texture, — a. true gneiss. At !ts liiue ^ 
find only conglomerutes, somlstones, sliales, and x 
tificd clays, and these lying against it in very Ii 
angles. Hence tlie geologiciil interest of tliis lowa^B 
portion of the tvaJL As has been shrewdly reinarkeA 
hy Mr Murehison,* in one of his earher papers, 
gneiss seems to have been forced through the sand"| 
stone from beneath, in a solid, not a fluid form ; a 
.IS the ridge atop is a narrow one, and the sides rfr-l 
markably abrupt, — an escellent wedge both in conuit-V 
eney and form, — instead of having acted on 
rounding depositions, as most of the south-couutrf ~ 
traps have done that have merely issued from a Tent, 
and overlaid the upper strata, it has torn up the en- 
tire formation from the very bottom. Imagine a lai;ge 
wedge forced from helow through a sheet of thick ice 
on a river or pond. First the ice rises in an angle, 
that becomes sharper and higher as the wedge rises; 
then it cracks and opens, presenting its upturned 
edges on both sides, and through comes the wedge. 
And this is a very different process, he it observed, 
from what takes place when the ice merely cracks, 
and the water issues through tlie crack. In the one 
case there is a rent, and water diffused over the sur- 
face; — in the other there is the projecting wedge, 
flanked by the upturned edges of the ice ; and these 
edges of course serve as indices to decide regarding 
ihe ice's thickness, and the various layers of which it 
is composed. Now, such are the phenomena exhi- 
bited by the wedge-like granitic ridge. The Lower 

* See Traiuactioni of the London Gtologieat Socielg S 
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Old Red Sandstone, tilted up against it on both sides 
at an angle of about eighty, exhibits in some parts a 
section of well nigh two thousand feet, stretching 
from the lower conglomerate to the soft unfossiliferous 
sandstone, which forms in Ross and Cromarty the 
upper beds of the formation. There is a mighty ad- 
vantage to the geologist in this arrangement. When 
books are packed up in a deep box or chest, we have 
to raise the upper tier ere we can see the tier below, 
and this second tier ere we can arrive at a third, and 
so on to the bottom. But when well arranged on the 
shelves of a library, we have merely to run the eye 
along their lettered backs, and we can thus form an 
acquaintance with them at a glance, which in the 
other case would have cost us a good deal of trouble. 
Now, in the neighbourhood of this granitic wedge, or 
wall, the strata are arranged, not like books in a box, 
— Hsuch was their original position, — ^but likb books on 
the shelves of a library. They have been impacked 
and arranged by the uptilting agent ; and the know- 
ledge of them, which could only have been attained in 
their first circumstances by perforating them with a 
shaft of immense depth, may now be acquired simply 
by passing over their edges. A morning's saunter 
gives us what would have cost, but for the upheaving 
granite, the labour of a hundred miners for five years. 
By fisu: the greater portion of the life of the writer 
was spent within less than half an hour's walk of one 
of these upturned edges. I have described the grani- 
tic rock, with reference to the disturbance it has occa- 
sioned, as a wedge forced from below, and with refer- 
ence to its rectilinear position in the sandstone dis- 
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trict wltich it trava'ses, as a stoue-wall running hi 
K'av into a field. It may communicate a still 
and liTelier idea to think of it as a row of wed) 
such as one sometimes sees in a quarrf when 
workmen are et^ged in cutting out &tan the 
some immense blook, intended to fnnn a Stately coli 
or hnge architiave. The eminences, like the 
are i^parated : in some places the sandstone lies 
Iween, — in others there occur huge chasms 
(he sea. The Friths of Cromarty and Beauly, for il 
stance, and the Bay of Munlochy, open into the 
terior between these wedge-like eminences ; — the w( 
known Sutors of Cromarty represent two of the wedges; 
and it iTas the section furnished by the Southern 
Sutor that lay so immediately in the miter's neigh- 
bourhood. The line of the Cromarty Frith forms 
angle of about thirtv-five degrees with that of 
granitic line of wedge-Uke hilb which it bisects; 
hence the peculiar shape of that tongue of land 
forms the lower portion of the Black Isle, and i 
washed by the Moray Frith on the one side, and 
the Frith of Cromarty on the other, has its apex 
pied \>Y the Southern Sutor. Imagine a lofty promon- 
tory somewhat resembling a huge spear ihmst hori- 
zontally into the sea, — a ponderous n 
gnet^ of about a mile in length, forming the 
and a rectilinear hne of the Old Red Sandstone, 
than ten miles in length, forming the shaft ; and 
is the appearance which this tongue of land presents 
when viewed from its north-western boundary, the 
Cromarty Frith. When viewed from the Moray 
— its south-western boundary, — we see the snm 
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nitic spear-head, but find the line of the shaft knobbed 
by the other granitic eminences of the chain. 

Now on this tongue of land I first broke ground as 
a geologist. The quarry described in my introductory 
chapter, as that in which my notice was first attract- 
ed by the ripple-markings, opens on the Cromarty- 
Frith side of this huge spear-shafc ; the quarry to 
which I removed immediately after, and beside which 
I found the fossils of the Lias, opens on its Moray- 
Frith side. The uptilted section of sandstone occurs 
on both sides, where the shafl joins to the granitic 
spear-head, but the Lias I foimd on the Moray-Frith 
side alone. It studs the coast in detached patches, 
sorely worn by the incessant lashings of the Frith; and 
each patch bears an evident relation, in the place it 
occupies, to a corresponding knob or wedge in the 
granitic line. The Northern Sutor, as has been just 
said, is one of these knobs or wedges. It has its ac- 
companying patch of Lias upheaved at its base, and 
lying unconformably, not only to its granitic strata, 
but also to its subordinate sandstones. The Southern 
Sutor, another of these knobs, has also its accompany- 
ing patch of Lias, which, though lying beyond the fall 
of the tide, strews the beach, after every storm from 
the east, with its shales and its fossils. The hill of 
Eathie is yet another knob of the series, and it, too, 
has its Lias patch. The granitic wedges have not 
only uptilted the sandstone, but they have also up- 
heaved the superincumbent Lias, which, but for their 
agency, would have remained buried imder the waters 
of the Frith, and its ever-accumulating banks of sand 
and gravel. I had remarked at an early period the 



correspouJeiice of the granitic knobs with the Li^in 
jjatcIi<!E, and striven to realiae the original place aiul 
position of the latter ere the disturbing agent had up- 
cast them to the light. What, i have asked, was the 
extent of this comparativelj modem formation in this 
part of the world, ere the line of wedges were forced 
through from below ? A wedge struck through the 
ice of a pond towards the centre breaks its continijit}", 
and we find the ice on both sides the wedge ; where- 
as, when struck through at ibe pond edge, it merelj 
raises the ice from the bank, and we find it, in con- 
sequence, on but one side the wedge. Whether, have 
I often inquired, were the granitic wedges of this iini^ 
forced through the Lias at one of ils edges, or at a 
comparatively central point ? and about ten veare agti 
I set myself to ascertain whether I could not solve tlie 
question. The Southern Sutor is a wedge open to 
amination on both its sides ; — the Moray Frith washea 
it upon one aide, the Cromarty Frith on the otiiw 
Was the Lias to be found on both its aides! 
the wedge must have been forced tlirough the foi 
tion, not merely hegide it. It occurs, as I hare 
on the Moray-Frith side the wedge; and I resoh 
on cai'efully exploring the Frith of Cromarty, 
whether it did not occur on that side too. 

AVith this object I set out on an exploratory excur- 
sion, on a delightful morning of August 1830. Tlie 
tide was falling ; it liad already reached the line of 
halt'-eiib ; and from the Southern Sutor to the low, 
long promontory on which the town of Cromarty i» 
built, there extended a broad belt of mingled sand' 
banks and pools, iiccumula lions of boulders and shingle. 
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and large tracks darkened with algse. I passed direct 
by a grassy pathway to the Sutor, — the granitic spear- 
head of a late illustration, — ^and turned, when I reached 
the curved and contorted gneiss, to trace tln-ough the 
broad belt left by the retiring waters, and in a line 
parallel to what I have described as the shaft of the 
huge spear, the beds and strata of the Old Red Sand- 
stone in their ascending succession. I first crossed the 
conglomerate base of the system, here little more than 
a hundred feet in thickness. The ceaseless dash of 
the waves, which smooth most other rocks, has a con- 
trary effect on this bed, except in a few localities, 
where its arenaceous cement or base is much indurated. 
Under both the Northern and Southern Sutors the 
softer cement yields to the incessant action, while the 
harder pebbles stand out in bold relief; so that 
wherever it presents a mural front to the breakers, we 
are reminded, by its appearance, of the artificial rock- 
work of the architect. It roughens as the rocks 
around it polish. Quitting the conglomerate, I next 
passed over a thick bed of coarse red and yellow 
sandstone, with here and there a few pebbles sticking 
from its surface, and here and there a stratum of finer- 
grained fissile sandstone inserted between the rougher 
strata ; I then crossed over strata of an impure grayish 
limestone and a slaty clay, abounding, as I long after- 
wards ascertained, in ichthyolites and vegetable re- 
mains. There are minute veins in the limestone (ap- 
parently cracks filled up), of a jet black bituminous 
substance, resembling anthracite ; the stratified clay is 
mottled by layers of semi-aluminous semi-calcareous 
nodules, arranged like layers of flint in the upper 
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Chalk. These nodules, when cut up and polislied, 
present Tery agreeablt; combinations of colour; there 
is generally an outer ring of reddish ijro\vn, an inner 
ling of pale yellow, and a central patch of red, and 
tho nhole is prettily veined with dark-coloured car- 
lionate of lime.* Passing onwards and upwards 
(lie line of the strata, 1 next crossed OTer a Beri< 
alternate beds of coarse sandetone and stratified 
and then lost sight of the rock altogether, in a mii. 
waste of shingle and bouldcr-slones, resting on a dark 
blue argillaceous diluyiuni, sometimes employed in 
tliat part of the country, from its t<macioua and im- 
])ermeable character, for lining ponds and dams, and 
as mortar for the foundations of lo^v-Iying houses 
■ exposed in wet weather to tlie sudd( 
The numerous boulders of this tract have their stMf [ 
to tell, and it is a curious one. The Soutbem Si ' 
with its multitudinous fragments of gueiss, torn 
its sides by the sea, or loosened by the action of liotls 
and storms, and rolled down its precipices, is only a 
few hundred yards away : — its base, where these lie 
thickest, has been swept by tempests, chiefly fhns^' 
the east, for thousands and thousands of years 
the direct effect of these tempests, regarded 
porting agents, would hare been to sti'ew this stonj 
tract M'ith those detadted fragments. The same bil- 
low that sends its long roll from the Germim Ocmn 
to sweep the base of Ihe Sutor, and to leap up 
ItB precipices to the height of eighty and a hi 

* A coneretiotiory limestoiie of the Old Red BTitem in 
land, tariegated with iiiir|i1e snd gre«u, was at one i 
-wmaglit as & marble. (Silurian Sgsltm, part i. p. IiG.] 
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feet, breaks in foaiin, only a minute after, over this 
stony tract ; which has, in consequence, its sprinkling 
of fragments of gneiss transported by an agency so ob- 
"dous. But for every one such fragment which it 
bears, we find at least ten boulders that have been 
borne for forty and fifty miles in the opposite direc- 
tion from the interior of the country, — a direction in 
which no transporting agency now exists. The tem- 
pests of thousands of years have conveyed for but a 
few hundred yards not more than a tithe of the ma- 
terials of this tract ; nine-tenths of the whole have 
been conveyed by an older agency over spaces of forty 
and ^ftj miles. How immensely powerful, then, or 
how immensely protracted in its operation, must that 
older agency have been ! 

I passed onwards, and reached a little bay, or ra- 
ther angular indentation of the coast, in the neigh- 
bourhood of the town. It was laid bare by the tide 
this morning far beyond its outer opening ; and the 
huge table-like boulder, which occupies nearly its 
centre, and to which, in a former chapter, I have had 
occasion to refer, held but a middle place between the 
still darkened flood-line that ran high along the beach, 
and the brown line of ebb that bristled far below with 
forests of the rough-stemmed tangle. This little bay 
or inflection of the coast serves as a sort of natural 
wear in detaining floating drift-weed, and is often 
found piled, after violent storms from the east, with 
accumulations, many yards in extent and several feet 
in depth, of kelp and tangle, mixed with zoophites 
and mollusca^ and the remains of fish killed among 
the shallows by the tempest. Early in the last cen- 

H 
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tvTT, » hirp hoir of tuanings. pursued liy whaln 
a»4 ptvponts, wcR stranded in tt, to the amount of 
smikl ha n dr e d WtfIs ; and it is said that salt and 
oak failed the packen nlieH but cumparatiTelj- a 
BuJl poflioa of Aie t&oal n-eie cutvd, and that by 
iDMcli Ac greater port of them were earned away bf ■ 
the iMJ^ibaaring &nnen for manure. Eret siuce ti|H 
fcoHtadaa (tf the present coast-line, this natural vrMfl^ 
hat been arresting, tide afrer tide, ita heaps of organs ' 
matter, but the drcumstances farourable to their pre- 
Berralion hare beea wanting: they fermpnt and de- 
cay when driTen high on the beach ; and the netl 
spring-tide, accompanied by a gale from the west, 
sweeps erety yestige of them away ; and so, after the 
lapse of many centuries, we find no other or^nisns 
among the rounded pebbles that form the beacbea of 
this little hay, than merely a few broken shells ™^ 
occasionally a mouldering fidi-bone. Thus very bar- 
ren formations may belong to periods singularly rich 
in organic existeneea. When what is now the little 
bay WLis the bottom of a profound ocean, and far frDin 
any shore, the circumstances for the preservation of ita 
organisms must have been much more favourable. In 
no locality in the Old Red Sandstone with which I am 
acquamted, have such beautifiilly-preserved fossils been 
found. But I anticipiitc. 

fn tlie middle of the little bay, and tlirougliout the 
prcfltor part of ita area, I found the rock exposed, — u 
circiiinslance which I had marked many years befbii' 
ivlicn a mere boy, without nflenvards recurring to ii 
Its one of interest. But I had now learned to look al 
tncla >vitli another eye ; aud the thought which £nii 
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:^ggested itself to me regarding the rock of the little 
bay was, that I had found the especial object of my 
search — the Lias. The appearances are in some re- 
spects not dissimilar. The Lias of the north of Scot- 
land is represented in some localities by dark-coloured 
unctuous clays, in others by grayish-black sandstones 
that look like indurated mud, and in others by beds 
of black fissile shale, alternating with bands of coarse 
impure limestone, and studded between the bands 
with limestone nodules of richer quality and finer 
grain. The rock laid bare in the little bay is a stra- 
tified clay, of a gray colour tinged with oKve, and oc- 
curring in beds separated by indurated bands of gray 
micaceous sandstone. They also abound in calcareous 
nodules. The dip of the strata^ too, is yery diflferent 
from, that of the beds which lean against the gneiss 
of the Sutor. Listead of an angle of eighty, it pre- 
sents, an angle of less than eight. The rocks of the 
little bay must have lain beyond the disturbing uptilt- 
ing influence of the granitic wedge. So thickly are 
the nodules spread oyer the surface of some of the 
beds, that they reminded me of floats of broken ice on 
the windward side of a lake after a few days' thaw, 
when the edges of the fragments are smoothed and 
rounded, and they press upon one another, so as to 
coyer, except in the angular interstices, the entire 
surface. 

I set myself carefully to examine. The first nodule 
I laid open contained a bituminous-looking mass, in 
which I could trace a few pointed bones and a few 
minute scales. The next abounded in rhomboidal 



.ind tinely-enamclled scales, oFamucIi larger 
more distinct character. I wrought on with 1 
eagerness of a discoverer entering for the first t: 
!a a terra ineoffmla of wonders. Almost e 
meat of clay, every splinter of sandstone, every li 
stone nodule, contained its organism. Scales, spiiu 
])la(es. hones, entire fish ; hut not one otganism of l) 
Lia.s could 1 find, — no ummonites, n ' " 
gryphitcs, no shells of any kind ; the vegetahle i 
pressions were entirely different ; and not a single 
scale, plat«, or ichthyodomlite could I identify with 
those of the newer fonnation. I had got into a dif- 
ferent world, and among the remains of a different 
ereution ; hut where was its proper place in the scale ! 
The heiia of the little bay are encircled by thick ac- 
cumulations of diluvium and dehris, nor could I trace 
their relation to a siugle known rock. I was struck, 
as I well might, by the utter strangeness of the fom 
— the oar-like arms of the Ptrriehthyn and its ti 
like plat^ — the atrauge huckler-looking head r. 
Coccoileus, which, I suppose, might possibly 1 
hack of a small tortoise, though the tubercles remind- 
ed me rather of the skin of the shark, — the polished 
scales and plates of the Ontfolepis^ — the spined and 
scaled fins of the CheirticintAux, — above 
aided tail of at lejut eight out of tlie t 
varieties of fossil which the deposit contained. 
together excited and astonished me. But s 
elapsed ere I learned to distinguish the nicer generic 
differences of the various organisms of the formation. 
1 found fragments of the PUrkhlhi/s on this momingfi 
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but I date its discovery in relation to the mind pf the 
discoverer, more than a twelvemonth later.* I con- 
founded the CheiracanthiM^ too, with its single-spined 
and membranous dorsal, with one of the still imnamed 
fossils, furnished with two such dorsals ; and the 
Diplopterus with the Osteolepis. Still, however, I 
saw enough to exhilarate and interest ; I wrought on 
till the advancing tide came splashing over the no- 
dules, and a powerM August sun had risen towards 
the middle sky ; and were I to sum up all my happier 
hours, the hour would not be forgotten in which I sat 
down on a roimded boulder of granite, by the edge of 
the sea, when the last bed was covered, and spread 
out on the beach before me the spoils of the morning. 

* I find, by some notes which had escaped my notice when 
drawing np for the Witness newspaper the sketches now ex- 
panding into a volume, that in the year 1834 I famished the 
collection of a geological friend, the Rev. John Swanson, mi- 
nister of the parish of Small-Isles in the Oater Hebrides, with 
a well-marked specimen of the Pierichihys Milleri, The cir- 
cnmstance pleasingly reminds me of the first of all my early 
acquaintance, who learned to deem the time not idly squan- 
dered that was spent in exploring the wonders of by-gone 
creations. Does the minister of Small-Isles still remember 
the boy who led him in quest of petrifactions, — himself a little 
boy at the time, — to a deep solitary cave on the Moray Frith, 
where they lingered amid stalactites and mosses, till the wild 
sea had surrounded them unmarked, barring all chance of re- 
treat, and the dark night came on ! 
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CILiPTER VII. ^1 

Furtiiar DlscoTeries of the lohthjolite Bads.— Foond in on^^ 

Locality under a Bed of Peat.—Discovered in snotlier 

beneath »□ ancient Barjicg-gronad. — In a third onderlj-ing 

the Lias form Btion, — In a fonrthoyertopped by a ati II older 

Sandstone Deposit DilEcalties in ast'ertaining the true 

Flaae of a newly-diaeorered FormatioQ. — Cantion agnind 
drawing too hasty Inferences from the mere circumgtanw 
of Neighbonrhood.— The Writer reeei res his first AESiatancs 
&oni nitlicnt. — Geological AppeTtdii of the Messrs Anderson 
of In remess.— Further Assistance froin the Reseaichea of 

Agasaii Snggestign Di John Malcolmaon His eiten- 

siva Discoveries in Moray He submits to A^assii a ilraW' 

ingot the Plerichthya. — Place of the IchtbyoUtes in the Scale 
at length determined.— Two dietinct PUtfornu of Being in 
the Formation to which they belong, 

I (■OMMESCED forming a small collection, and set 
myself carefiillj to examine the neighbouring rocks 
tor organisma of a Bimiliir character. The eye be- 
comes practised in. such reseiircfaes, and my labours 
were soon repaid. Directly above the little bay there 
is a corn-field, and beyond the field a wood of forest 
trees. And in this wood, in the bottom of a watav i 
course, scooped out of the rock through a bed of peHtfl 
I found the stratified clay charged with scales. A'^ 
few hundred yards fiulher to the west there is a de^ 
wooded raTine eut through a thick bed (^ red diluvial 
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day. The top of the bank directly aboye is occupied 
by the ruins of an ancient chapel, and a group of 
moss-grown tombstones. And in the gorge of this 
ravine, underlying the Uttle field of graves by about 
sixty feet, I discovered a still more ancient place of 
sepulture — ^that of the ichthyolites. I explored every 
bank, rock, and ravine on the northern or Cromarty- 
Frith side of the tongue of land, mth its terminal 
point of granitic gneiss, to which I have had such fre- 
quent occasion to refer, and then turned to explore 
the southern or Moray-Frith side, in the rectilinear 
line of the great valley. And here I was successful 
on a larger scale. A range of lofty sandstone cU£fe, 
hollowed by the sea, extends for a distance of about 
two miles between two of the granitic knobs or wedges 
of the line, — ^the Southern Sutor and the hill of 
fiathie. And along well nigh the entire length of 
this range of clifls I succeeded in tracing a continuous 
ichthyoKte bed, aboimding in remains, and lying far 
below the Lias, and unconformable to it. I pursued 
my researches, and in the sides of a romantic preci- 
pitous dell, through which the Bum of Eathie — a 
small mossy stream — ^finds its way to the Moray Frith, 
I again discovered the fish-beds running deep into 
the interior of the country, with immense strata of a 
pale yellow sandstone resting over them, and strata 
of a chocolate-red lying below. But their place in 
the geological scale was still to fix, 

I had seen enough to convince me that they form 
a continuous convex stratum in the sandstone spear- 
shaft, covering it saddlewise from side to side, dip- 
ping towards the Moray Frith on the south, and to 



llic Oromarlv Friiii on the north, — tliiit. as in a bona 
Jid» Gpeu-«haft, the annual ring or layer of growtt 
of one sraaon is oTerlaid by tlie annual rings of suc- 
ceeding seasons, and underlaid by those of preceding 
ones ; so this huge senii-ring of fossiliferous clays and 
Uinestcines had ils undo'lying semi-ring of R«d Sand- 
stone, and its arerlying iemi-ringii of yellow, of red, 
and of gray sandstone. I knew, besides, that beneath 
there ivaa a semi-ring of conglomerate, the base of 
the system ; and that for more than tvro hundred 
yards upwards, ring followed ring in unbroken suc- 
cession, — now sandstone, now limestone, now slrati- 
hed cluv. But though intiuutely ucquaisled with 
these lower rocks for more iban a hundred fathoms 
from their base upwards, and with the upper rocks 
ou both sides the iehtbyolite bed for more than a hun- 
dred feet, there was an interrening hiatus, whose ex- 
tent at this period I found it impossible to ascertain. 
And henee my uncertainty regarding the place of the 
ichthyoliles, seeing that whole tbrmations might b« 
represented by the occurring gap. On the Moray- 
Friib side, where the sections are of liuge extent, a 
doubttiil repeat in the strata at one point of junction, 
and an abrupt fault at another, cuts olf the upper 
series of beds to which the organisms belong, troni Uu 
lower to which the great conglomerate belongs. Os^H 
the Croraarty-Frith side the sections are mere detatb^'^l 
ed patches, obscured at every point by diluvium and 
soil ; and, in concciTing of the whole as a continuous 
line, with the Lias a-top and the granitic group at like 
bottom, I was CTer reminded of those coast-lines 
the ancient geographers, ivhere a few imcertaia 
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a few deeper markings, and here and there a blank 
space or two, showed the blended results of conjecture 
and discoyery, — ^whether they give a Terra Incognita 
Australia to the one hemisphere, or a North- Western 
passage to the other. The ichthjolites in a section so 
doubtful might be regarded as belonging to either the 
Old or the New Red Sandstone, — to the Coal Measures 
or to the Mountain Limestone. All was uncertainty. 
One remark in the passing : it may teach the young 
geologist to be cautious in his inferences, and illus- 
trate, besides, those gaps which occur in the geologi- 
cal scale. I had now discovered the ichthyolite beds 
in five different localities ; in one of these — ^the first 
discovered — ^there is no overlying stratum ; it seems 
as if the bed formed the top of the formation : in all 
the others the overlying stratum is different, and be- 
longs to distant and widely-separated ages. We cut in 
one locality through a peat-mo8s,-part of the ruins, 
perhaps, of one of those forests which covered, about 
the commencement of the Christian era, well nigh the 
entire surface of the island, and sheltered the naked 
inhabitants fi:om the legions of Agricola. We find, 
as we dig, huge trunks of oak and elm, cones of the 
Scotch fir, handfuls of hazel-nuts, and bones and 
horns of the roe and the red- deer. The writer, when 
a boy, found among the peat the horn of a gigantic 
elk. And, forming the bottom of this recent deposit, 
and lying conformably to it, we find the ichthyolite 
beds, with their antique organisms. The remains of 
oak and elm leaves, and of the spikes and cones of 
the pine, lie within half a foot of the remains of the 
Coccosteus and Diphptertis. We dig in another 
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locality through an anrient burying-ground ; we pass 
through a superior stratum of skolbi and coffins, and 
an inferior Etratum barren in ot^anic remains, and 
then arrire at the stratified clays, with their ichthy- 
olites. In a third locality we find these injunction 
with the Lias, and underlying its lignites, ammonites. 
and belemnites, just as we see them underlying, in 
the other two, the human bones and the peat-moss. 
And in yet a fourth locality we see them overlaid by 
immense arenaceous beds, that belong evidently, as 
their mineralogical character testifies, to either the 
Old or the New Red Sandstone. The convulsions and 
revolutions of the geological world, like those of the 
political, are sad eonfoundera of place and station, 
and bring into close fellowship the high and the low ; 
nor is it safe in either world — such have been th» 
efiects of the disturbing agencies — to judge of ancient 
relations by eiisring neighbourhoods, or of original 
situations by present places of occupancy. " Mis 
says Shakspeare, " makes strange bed-fellows ;" 
changes and convulsions of the geolo^cal world h 
made strange bed-fellovre too. 1 have seen f! 
the Upper Lias and of the Lower Old Red S 
stone washed together by the same wave, out of w 
might be taken, on a cursory survey, for the same b< 
and then mingled with recent shells, algte, branch 
of trees, and Iragments of wrecks on the same s 

Years passed, and in 1 834 I received my first il 
sistnnce from without, through the kindness of it 
Messrs Anderson of Inverness, who this year p 
lisUed tiicir Guide la C/ie Highlands and i 
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Scotland^ — a work which has never received half its 
due measure of praise. It contains, in a condensed 
and very pleasing form, the accumulated gleanings, 
for half a lifetime, of two very superior men, both 
skilled in science, and of highly cultivated taste and 
literary ability. As they had repeatedly travelled 
over almost every foot-brekdth of country which they 
describe, their remarks exhibit that freshness of ac- 
tual observation, recorded on the spot, which Gray 
regarded as " worth whole cart-loads of recollection." 
But what chiefly interested me in their work was its 
dissertative appendices, — admirable digests of the Na- 
tural History, Antiquities, and Geology of the coim- 
try. The appendix devoted to Geology, consisting of 
fifty closely-printed pages, — abridged in part from the 
highest geological authorities, and in much greater 
part the result of original observation,— contains be- 
yond comparison the completest description of the 
rocks, fossils, and formations of the Northern and 
Western Highlands, which has yet been given to the 
public in a popular form. I perused it with intense 
interest, and learned from it, for the first time, of the 
fossil fishes of Caithness and Gamrie. 

There was almost nothing known at the period, of 
the oryctology of the older rocks, — little, indeed, of 
that of the Old Red Sandstone, in its proper charac- 
ter as such ; and, with no such guiding clue as has 
since been furnished by Agassiz, and the later re- 
searches of Mr Murchison, the writer of the appendix 
had recorded as his ultimate conclusion, that " the 
middle schistoze system of Caithness, containing the 
fossil fish, was intermediate in geological character 
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stad fosaoa between, the Old and New Red Sand- 
stoae lunnatioos. The ichihyolites of Gamiie he de- 
•mbed as resembling those of Caithness; and 1 at 
tmee recognized, in his minute d<»criptions of both, 
die fofisil fish of Croniartv. The mineralogical ac- 
companiments, too, seemed nearly the same. In 
Caiihsess the animal remains are mised up in some 
places with a black bituminous matter like tar. i 
had but lately found among the beds of the Uttle bay 
a mass of sof^ adhisive bitumen, hermetically scaled 
up iu the limestone, nhii'h, when broken open, re- 
minded me, Jrom the powerful odour it cast, and 
which filled &>r serenU days the room in which I li 
it, of the old Gaulish mnromy of which we find i 
minute account in the Natural History of Goldamin 
The nodules which enclosed the organisms at Gamrie 
were described as of a sub-cry slalline, radiating, 
fibrous structure. 80 much was this tlie case wi^ 
some of the nodules at Cromarty, that they had o 
reminded me, when freshly broken, though c 
of pure carbonate of lime, of masses of asbestos, 
scales and bones of the C^thness ichtbyolitea 1 
blended, it was stated, nith the fragments of a " sup- 
posed tortoise nearly albed to trionyx; one of the 
ichthyolites, a Diptenu, was cbaracteruwd by L 
scales, a double dorsal, and a one-sided tail ; 
tire lack of shells and zoophytes was remarked, a 
the abundanee of obscure vegetable impr^uons. 
short, had the accomplished writer of the appf 
been faideily describing the beds at Cromar^, ii 
of those of Caithness and Gamrie, he m^bt have ei 
{ili>)-ed the sajne terms, and remarked the a 
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cmnstances, — ^the striated nodules, the mineral tar, 
the vegetable impressions, the absence of shells and 
zoophites, the large-scaled and double-finned ichthy- 
olites, — ^the peculiarities of which applied equally to 
the Dipterus and Diphptervs^ — and the supposed tor- 
toise, in which I once recognized the Coccosteus. It 
was much to know that this doubtfiil formation — ^for 
as doubtful I still regarded it — was of such consider- 
able extent, and occurred in localities so widely sepa- 
rated. 1 corresponded with the courteous author of 
the appendix, at that time General Secretary to the 
Northern Institution for the Promotion of Science and 
Literature, and Conservator of its Museum ; and, for- 
warding to him duplicates of some of my better spe- 
cimens, had, as I had anticipated, the generic identity 
of the Cromarty ichthyolites with those of Caithness 
and Gamrie fiiUy confirmed. 

My narrative is, I am afraid, becoming tedious ; 
but it embodies somewhat more than the mere history 
of a sort of Robinson Crusoe in Geology, cut oiF for 
years from all intercourse with his kind. It contains 
also the history of a formation in its connection with 
science ; and the reader will, I trust, bear with me for 
a few pages more. Seasons passed ; and I received 
new light from the researches of Agassiz, which, if it 
did not show me my way more clearly, rendered it at 
least more interesting, by associating with it one of 
those wonderful truths, stranger than fic<i6ns, which 
rise ever and anon from the profounde* depths of 
science, and whose use, in their connection with the 
human intellect, seems to be to stimulate the faculties. 
I have often had occasion to refer to the one-sided 
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condition of tail characteristic of the ichthyoUtes 
the Old Red Simdstone. It characterizes, says Aj 
six, the fish of all the more ancient formations. 
e certain point in the descending scale nature eu- 
a the formation of the tail. All 
ive are fashioned after one particu- 
f after another and different type, 
can tell at what periods in the his- 
character ceased to be employed 
Black letter, for instance, 
scarce ever resorted to tm 
piirposes of general literature after the reign of James 
VI. ; and in manuscript >vrit!ng the Italian hand 
superseded the Saxon about the close of the seven- 
teenth century. Now, is it not truly wonderful ru 
find an analogous change of character in that pic- 
torial history of the past wliich Geology furnishes? 
From the first appearance of vertebratcd existeuces to 
the middle beds of the New Red Sandstone, — a space 
including the Upper Ludlow rocks, the Old Red 
Sandstone in all its members, the Mountain Lime- 
stone with the Limestone of Burdie House, the Cool 
Measures, the Lower New Red, and the Magne^an 
Limestone, — we find only the ancient or unequally- 
lobed type of tail. In aU the formations above, m^ 
eluding the LJas, the tlolite. Middle, Upper, «aM 
Lower, the Wealden, the Green-sand, the Chalk, aw 
the Tertiary, we find only the equally-lobed conditKol 
of tail. And it is more than probable, that with 
the tail the character of the skeleton also changed ; 
that the more ancient type characterized, througl 
the semi-cartilaginous order of fishes, just 
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more modem type characterizes the osseous fishes ; 
and that the upper line of the Magnesian Limestone 
marks the period at which the order hecame extinct. 
Conjecture lacks footing in grappling with a revolu- 
tion so extensive and so wonderful. Shall I venture 
to throw out a suggestion on the subject, in connection 
with another suggestion which has emanated from 
one of the first of living geologists ? Fish, of all ex- 
isting creatures, seem the most capable of sustaining 
high degrees of heat, and are to be found in some of 
tibe hot springs of Continental Europe, where it is 
supposed scarce any other animal could live. Now, 
all the fish of the ancient type are thickly covered by 
a defensive armour of bone, arranged in plates, bars, 
or scales, or all the three modes together, as in the 
Osteolepis and one half its cotemporaries. The one- 
sided tail is united invariably to a strong cuirass. And 
it has been suggested by Dr Buckland, that this strong 
cuirass may have formed a sort of defence against the 
injurious eiFects of a highly heated surrounding me- 
dium. The suggestion is, of course, based purely on 
hypothesis. It may be stated in direct connection 
with it, however, that in the Lias, — ^the first richly 
fossiliferous formation overlying that in which the 
change occurred, — ^we find, for the first time in the 
geological system, indications of a change of seasons. 
The foot-prints of winter are left impressed amid the 
lignites of the Cromarty Lias. In a specimen now 
before me, the alternations of summer-heat and winter- 
cold are as distinctly marked in the annual rings, as 
in the pines or larches of our present forests; whereas 
in the earlier lignites, cotemporary with ichthyolites 
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of the ancient type, noaiinual rings appear. JtittM 
vinter heffan to take itt plaee am/ytiff the m 
JUh Jilted for living in a highly hetUtd medium diiap- 
peared .- they were created to inhabit a thermal ocean, 
and died away as it cooled down. Fiah of a similar 
type may now inhabit the seas of Venus, or even I 
Jupiter, which, irom ite enormous bulk, though gred 
]y more distimt from the sun than our earth, i 
slill powerfiilly retain the internal heat. 

I still pursued my inquiries, and received s 
nl>le auxiliary in a gentleman from India, Dr Jok 
Blalcoliuson of Madras, — a member of the Londctt ' 
Geological Society, and a mim of high scientific at- 
tainments and great general knowledge. Above all, 
I found him to po^eas, in a remarkable dt^ee, that 
spirit of research, abuost amounting to a passion, 
which invariably marks the superior man. He had 
spent mouth aft«r month under the burning s 
India, amid fever-marshes and tiger-jungles, ai 
ing himself with the uaesplored geological I 
which, only a few years ago, that vast continent | 
sented, and in collecting fossils hitherto unnamed k 
undescribed. He had pursued his inquiries, too, 
along the coasts of the Eed Sea, and far upwards on 
the banks of the Nile ; and now, in returning for a 
time to hia own country, he had brought with him the 
dctemiination of knowing it thoroughly as a man of 
science and a geologist. I had the pleasure of linf^ # 
introducing him to the ichtbyolites of the Lower C 
Red Sandstone, by bringing him to my firet-di« 
vered bed, and laying open, by a blow of the I 
mer, a beautiful OHeolrpU. He was much iute 
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in the fossils of my little collectioii, and at once de- 
cided that the formation which contained them could 
be no representative of the Coal Measures. After 
ranging oyer the various beds on both sides the recti- 
linear ridge, and -acquainting himself thoroughly with 
their organisms, he set out to explore the Lower Old 
Red Sandstones of Moray and Banff, hitherto deemed 
peculiarly barren, but whose character too much re- 
sembled that of the rocks which he had now ascer- 
tained to be so abundant in fossils, not to be held 
worthy of farther examination. He explored tlie 
banks of the Spey, and found the ichthyolite beds 
extensively developed at Dipple, in the middle of an 
Old Red Sandstone district. He pursued his re- 
searches, and traced the formation in ravines and the 
beds of rivers, from the village of Buckie to near the 
field of Culloden ; he found it exposed in the banks 
of the Nairn, in the ravines above Cawdor Castle, on 
the eastern side of the hill of Rait, at Clmie, Lethen- 
bar, and in the vale of Rothes, — and in every instance 
low in the Old Red Sandstone. The formation hitherto 
deemed so barren in remains proved one of the richest 
of them all, if not in tribes and families, at least in 
individual fossils ; and the reader may form some idea 
of the extent in which it has already been proved fos- 
siliferous, when he remembers that the tract includes 
as its extremes, Orkney, Gamrie, and the north-eastern 
gorge of the great Caledonian Valley. The iclithyo- 
lites were discovered in the latter locality in tlie quarry 
of Inches, three miles beyond Inverness, by Mr George 
Anderson, the gentleman to whose geological attain- 
I 
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mentg, us one of tLe riuthors of tbeGuide Book, I h&re 
lately Iiud occaaiou to refer. 

I had UDW corresponded for several years wiib a 
little circle of geological frieuds, aud had described in 
itiy letters, and in some iiistiuices bad attempted to 
iigure in them, iiiy uewly-found fosaib. A letter 
Mhich I wrote early in 1838 to Dr Malcolrnson, then 
at Paris, and which contained a rude drawiug of the 
PtericAlAffg, was aubiuitfed to Agasaiz, and the curi- 
o:iity of the naturalist was excited. He examined the 
figure, rather, however, ■with interest than surprise, 
and read the accompanying description, not in the 
least inclined to scepticism ljy the Bingularilj' of iis 
details. He had looked on too many wonders of a 
similar east to believe that he had exhausted ibein. 
or to evince any astonishment that Geology should be 
found to contain one vvouder more. Some mooilie 
after, 1 sent a restored drawing of the same fos^l to 
the Elgin Scientific Society. I must state, however. 
that the restoration was by no means complete. Tlic 
paddle-like arms were placed further below the sbual- 
ders than in any actual species ; and I had transferred, 
by mistake, to the creature's upper side some of tliv 
plates of the Coccotteut. Still the type was ane^uiro- 
cailj that of the Purichth},». The Secrelary of the 
Society, Mr Patrick Duff*, an excellent geologist, \o 
whose labours, in an upper formation of the Old Itiil 
Siiiidslone, 1 shall have afterwards occasion to refer, 
■questioned, as he iiell might, some of the details of 
the figure, and we corresponded for several wc^a re- 
garding it, somewhat in the stjle of Junniiittn Ql^ 
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buck and his antiquarian friend, who succeeded in 
settling the meaning of two whole words, in an antique 
inscription, in little more than two 3'ear8. Most of 
the other members looked upon the entire drawing, 
so strange did the appearance seem, as embodying a 
fiction of the same class with those embodied in the 
pictured griffins and unicorns of mythologic Zoology; 
and, in amusing themselves with it, they bestowed on 
its betailed and bepaddled figure, as if in anticipation 
of Agassiz, the name of the draughtsman. Not 
many months after, however, a true bona fide Pterich- 
thys turned up in one of the newly-discovered beds of 
Nairnshire, and the Association ceased to joke, and 
began to Wonder. I merely mention the circumstance 
in connection with a right challenged, at the late 
meeting of the British Association at Glasgow, by a 
gentleman of Elgin, to be regarded as the original 
discoverer of the Pterichthya, I am of course far 
from supposing that the discovery was not actuallv 
made, but regret that it should have been kept so 
dose a secret at a time when it might have stood the 
other discoverer of the creature in such stead. 

The exact place of the ichthyolites in the system 
was still to fix. I was spending a day early in the 
winter of 1839 among the nearly vertical stiata that 
lean against the Northern Sutor. The section there 
presented is washed by the tide for nearly three him- 
dred yards from where it rests on the granitic gneiss ; 
and each succeeding stratum in the ascending order 
may be as clearly traced as the alternate white and 
black squares in a marble pavement. First there is 
a bed of conglomerate two hundred and fifteen feet in 
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thickness, '■ idpntical in Structure," says Profe 
Sedgwick and Mr Mureliison, " with the oldCT red 
j^lomerates of Cumberland and the Island of Aiian; 
and which cannot be distinguished from the conplo- 
uienites tfhich lean ^lainst the southern flank of tlii' 
Ciranipiims, and on which Dunnottar (Castle is huilt. 
1 1 [(mediately abore the eon^lonisn^tte there is a hun- 
ili'ed and fourtfen feet more of coarae Sandstone strata, 
nf a reddish-yellow hue, with occasionally a few peh- 
Ijles inclosed, and then twenty-seven feet additional 
of limestone and stnitiiied clay. I'here are no breaH 
no faults, no thinning out of strata, — all the beds lie 
parallel, showing regular deposition. I had pasard 
over the section twenty times hefijre, and had carefully 
(■:xamitied the limestone and the ciay, hut in vain. 
On this occasion, however, I wua more fortunate. 1 
struck off a fragment. It contained a vegetable im- 
pression of the same character with those of the ith- 
thyiilite beds ; and afier an hour's diligent search, 1 
had turned from out the heart of the stratum, platen 
and scales enough to till a slielf in a museum, — t)w 
helmet-like snout of an Otteolfipis^ the 
MpiuB of a CJim-aeanthm, and a Coceottm* wel! 
entire. I had at lengtli, after a search of nisi 
ysars, found the true place of the ichtliyolite bed. 



• Different iuone rpspt!cl from the conglomerates of AnI 
It abonnds in rolled fragments of graniti>, whenns il 
uf Arr&n there occar no peliblei) of tbig rook. Arrui lu 
ita granite in abundance; the noctliem localitj hu ni 
tliuugli, wben the cungiaiaerates of the Lower Old Red Sc 
stnno were in the cuurse oF forminK, tbe case was i 
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reader maj smile, but I hope the smile ^111 be a 
good-natured one ; a simple pleasure may be not the 
less sincere on account of its simplicity ; and '^ little 
things are great to little men." I passed over and 
over the strata, and found there could be no mis- 
take. The place of the fossil fish in the scale is little 
more than a hundred feet above the top, and not 
much more than a hundred yards above the base of 
the great conglomerate : and there lie over it in this 
section about five hundred feet of soft arenaceous 
stone, with here and there alternating bands of lime- 
stone and beds of clay studded with nodules, — all be- 
longing to the inferior Old Red Sandstone. 

The enormous depth of the Old Red Sandstone of 
England has been divided by Mr Murchison into three 
members or formations,— the division adopted in his 
Elements by Mr Lyall, as quoted in an early chapter. 
These are, the lowest or Tilestone formation, the 
middle or Comstone formation, and the uppermost 
or Quartzose-conglomerate formation. The terms are 
derived from mineralogical character, and inadequate 
as designations, therefore, like that of the Old Red 
Sandstone itself, which in many of its deposits is not 
sandstone^ and is not red. But they serve to express 
great natural divisions. Now the Tilestone member 
of England represente, as I have aheady stated, this 
Lower Old Red Sandstone formation of Scotland; 
but its extent of vertical development, compared with 
that of the other two members of the system, is strik- 
ingly different in the two countries. The Tilestones 
compose the least of the three divisions in England ; — 
their representative in Scotland forms by much the 
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^eatcst of the three ; and thwe Beerns to be zoological 
■Mf well as lithotogical evidence that its formation must 
liave oeeupied no brief period, T/ie tame genera or- 
i-ur in it» ■upper as in it» lovter beds, but all tit tpfcif* 
iifipmr to be different, i ehall briefly state the evi- 
dence of this very curious fiiet. 

The seat of Sir William Gordon Cummisg of 
Altyre is in the neighbourhood of one of the Moray- 
shire deposits discoTcrcd by Dr Malcolmson ; and for 
the greater part of the last two years Lady Gordon 
Oumming has been engaged in nittkiDg a coUectian 
of its peculiar fossils, which already fills an entire 
apartment. Tbe object of her Ladyship was the ilius- 
cratinn of the Geology of the district, and all fihe 
xought in it on her own behalf was congenial eraploy- 
meut for a singularly elegant and comprehensiTe 
mind. But ber labours have rendered her a bene- 
factor to science. Her collection was visiled, slwrtly 
after the late meeting of the British Association in 
(ilasgow, by Agassiz and Dr Buclcland ; and great 
was the surprise and delight of the philosopher 
that the whole was new to Geology. All the sj 
amounting to eleven, and at least one of the g 
that of the Gli/plolepit, were different from any ^ 
mz had ever Eeen or described before. The depost" 
sii successfully explored by her Ladyship occurs high 
in the lower formation. Agaasiz, ahortly after, in 
comparing the collection of Dr Traill — a colleclitm 
firmed at Orkney, — with that of the writer — a colld-- 
tirHi made at Cromarty, — was struck by the specific 
identity of the specimens. In the instances in 
tlie genera agreed he found that the species agreedaj 
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though the ichthjolites of both differed gpecifically 
from the ichthjolites of Caithness, which occur chiefly 
in the middle and upper beds of the formation, and 
from those also of Lady Gumming of Altyre, which 
occur, as I have said, at the top. And in examining 
into the cause, it was found that the two collections, 
though furnished by localities more than a hundred 
miles apart, were jet derived, if I may so express my- 
self, from the saine low platform, both alike repre- 
senting the fossiliferous base of the system, and both 
remoyed but by a single stage from the great unfos- 
siliferous conglomerate below. Thus there seem to 
be what may be termed two storeys of being in this 
lower formation, — storeys in which the groupes, though 
generically identical, are specifically dissimilar. 
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L'liper Formations of the Old lied Sandstone. — Room enongli 
fur eui'h and to spare. — Middle or Comstuue ForrnKtioBr- 
The Cephalaspiaiti most ebaractcristicOi^iiinisro.— Desorip^ 
tion.— Tbe Den of Balnidder; richer in ths FoniU of fl 
middle FonDatioa than anf othei Looality yet diacOTMsf^ 
Variaiu Cotempocarles of the OpAn/us/i)!.-— Vegetable £| 
piesaiona. — Gigantic Cnistacean. — .Sfra/.Sim. — Ichlhjii 
ruli tea.— Sketch of the Geolocy of Forfarehire.- 
Deposits of the CornstoBe Formation.— The Qn&rries^ 

Carmylie Their Vegetable and Animal Remains.— 

Upper Formatian. — Wide Extent of the Fauna and F 
of the earlier I'ormationii.— Probable Caose. 



1 have dwelt almost escluairely 
tiiasils of tlie I.ower Old lied t^andstoiie, aiid tlie his- 
tory of their discovery : I shall now ascend to the or- 
ganisms of its higher plattbrms. The system in Scot- 
land, as in the sister kingdom, has its middle aniJ 
upper groupea, and these are in no depree less curious 
thim the inferior group already descxilied, nor do they 
more resemble tbe existences of the present tji 
Does the reader rememhcr the illustration of tl 
ramid employed in an early chapter, — its three 
le! bars, and the atraoge hieroglyphics of the mid( 
liar? Let him now imagine another pyramid, in- 
scribed with the remaining and later history of llii 
system. IVe read, as before, from the baae upwi 
but find the broken and half-deiaced charactera' 
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the second erection descending into the very soil, as 
in those obelisks of Eg}'pt round which the sands of 
the desert hare been accumulating for ages. Hence 
a hiatus in our history, for future excavators to fill ; 
and it contains many such blanks, every unfossilifer- 
ous bar in either pyramid representing a gap in the 
record. Three distinct formations the group undoubt- 
edly contains, — ^perhaps more ; nor will the fact ap- 
pear strange to the reader who remembers how nu- 
merous the formations are that lie over and under it, 
and that its vast depth of ten thousand feet equals 
that of the whole secondary system from top to bot- 
tom. Eight such formations as the Oolite, or ten such 
formations as the Chalk, could rest, the one over tbe 
other, in the space occupied by a group so enormous. 
To the evidence of its three distinct formations, which 
is of a very simple character, I shall advert as I go 
along. 

The central or Comstone division of the system in 
Ebigland is characterized throughout its vast depth by 
a peculiar family of ichthyolites, which occur in none 
of the other divisions. I have already had occasion 
to refer to the Cephaktspis, Four species of this fish 
have been discovered in the Comstones of Hereford, 
Salop, Worcester, Monmouth, and Brecon ; " and as 
they are always found," says Mr Murchison, " in the 
same division of the Old Red System, they have be- 
come valuable auxiliaries in enabling the geologist to 
identify its subdivisions through England and Wales, 
and also to institute direct comparisons between the 
different strata of the Old Red Sandstone of England 
and Scotland." The Cephalaspis is one of the most 
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curious ichdiyolites of the system. (t'ee Plate 
fig. 1.) Has the reader ever seen a saddler's cut! 
knite ? — a tool with a crescent-shaped blade, and 
hiukdie fixed transyeraely in tlie cent 
side. In general outline the C^kalaepit resembled 
this tool, — the crescciit-shaped blade representing the 
head, — the transverse handle the body. We hare hut 
to gfive the handle an angular instead of a rounded 
Ehape, and to press togelher the pointed horns of tW 
iTcscent till they incline towards each other, and tlie 
convex or sharpened edge ia elongated into a semi- 
ellipse, cut in the line of its shortest diameter, 
der to produce the complele form of the Cfpki 
The head, compared with the body, 
— Romprising fully one-third the creature" 
length. In the centre, and placed closely together, 
as in many of the flat fish, were the eyes. Some of 
the specimens show two dorsals, and an ana! and cau- 
dal fin. The thin and angular body presents a joJuteil 
appearance, somewhat like that of a lobster or triio- 
bile. Like the bodies of most of the iuhthyolites 
of the syatcm, it was covered with variously-fii 
scales of hone ; the creature's head was cased 
strong plates of the same material, the whole 
side lying under one huge buckler, — and hence 
name Ceplialaspii^ or buckler-head. In proportion 
to its strenglli and size, it seems to have been amply 
furnished with weapons of defence. Such 
strength and massivencss nf its covering, that its 
mains are found comparatively entire in arenaci 
rocks impregnated with iron, in which few other 
sila could have survived. Its various species, as 
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occur in the Welsh and English Comstones, says Mr 
Murchison, seem '' not to have been suddenly killed 
and entombed, but to have been long exposed to sub- 
marine agencies, such as the attacks of animals, cur- 
rents, concretionary action," &c. ; and yet, " though 
much dismembered, the geologist has little difficulty 
in recognizing even the smallest portions of them." 
Nor does it seem to have been quite unfurnished with 
offensive weapons. The sword-fish, with its strong 
and pointed spear, has been known to perforate the 
oaken ribs of the firmest-built vessels ; and, poised 
and directed by its lesser fins, and impelled by its 
powerful tail, it may be regarded either as an arrow or 
javelin flimg with tremendous force, or as a knight 
speeding to the encoimter with his lance in rest. Now 
there are missiles employed in eastern warfare, which, 
instead of being pointed like the arrow or javelin, are 
edged somewhat like the crooked falchion or saddler s 
outting-knife, and which are capable of being cast 
with such force, that they have been known to sever 
a horse's leg through the bone ; and if the sword-fish 
may be properly compared to an arrow or javelin, the 
combative powers of the Cephalaspia may be illustrat- 
ed, it is probable, by a weapon of this kind, — the 
head all aroimd its elliptical margin presenting a sharp 
edge, like that of a cutting-knife or falchion. Its im- 
petus, however, must have been comparatively small, 
for its organs of motion were so : it was a bolt care- 
fully fashioned, but a bolt cast from a feeble bow. 
But if weak in the assault, it must have been formi- 
dable when assailed. " The pointed horns of the 
crescent," said Agassiz to the writer, " seem to have 
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Served a aimiJar purpose with tbe spear-like wings 
the PferiMiAy*,"— the sole difference consisting 
(ireumstance, that the spears of the one conld lie ele^ 
vated or depressed at pleasure, whereas those of the 
ottier were ever fixed in the warlike attitude. Ami 
such was the O-phnlnnpi* of the Comstones, — not ovi/fa 
rlie moat characteristic, but in England and Waldl 
almost the sole organism of the formation. fl 

Now of this curiooa iehthyolite we find no treei" 
nmong the fossils of the Lower Old Bed Sandstone. 
It occurs neither in Orkney nor Cromarty, Caithness 
nor Gamrie, Nalmsliire nor the inferior ichlhyolitc 
beds of Moray. Neither in England nor in Scotlanil 
is it to be found in the Tilestone formation, or its 
oiiuivalent. It is common, however, in the Old Hell 
Sandstone of Forfardiire ; it has been discovered liy 
Dr Malcolmson in a middle formation in Morav ; and 
it occurs at Balniddery, in the Gray Sandstones which 
fomi on both sides the Taj, wh»B the Tilestone for- 
mation seeiiiH wanting, the apparent bane of the sjb- 
tem. It is escluaively a medal of the middle empire. 

In the last-mentioned locality, in a beautifiilly- 
wooded rfeU known as the Den of Balrwdderv, the 
Cephaioffiia is foand associated with an entire group 
of other fossils, (he rect'nt discovery of Mr W 
the proprietor, who, with a zeal through which g< 
gtcal knowledge promises to be materially 
and at an expense of much labour, has made a 
lection of all tlie oi^nisms of the Den yetdiscov( 
These the ivriter had the pleasure of examining 
I'ompany of Mr Murchison and Dr Buckland 
iviis jifterwiu'ds prespnt when they were eiLiuuincd 
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Agassiz ; and not a single organism of the group 
could be identified on either occasion, by any mem- 
ber of the party, with those of the lower or upper for- 
mations. Even the genera are dissimilar. The fossils 
of the Lias scarce differ more from those of the Coal 
Measures, than the fossils of the Middle Old Red Sand- 
stone from the fossils of the formations that rest oyer 
and under them. Each formation has its distinct 
group, — a fact so important to the geologist, that he 
may feel an interest in its further verification through 
the decision of yet another high authority. The su- 
perior Old Red Sandstones of Scotland were first as- 
certained to be fossiliferous by Professor Fleming of 
King's College, Aberdeen,* confessedly one of tlie 

♦ The Upper Old Red Sandstones of Moray were ascertain- 
ed to be fossiliferoas at nearly the same time by Mr Martin of 
the Anderson Institution, £lgin. There is a mouldering con- 
glomerate precipice termed the Scat-Craig, aboat four miles 
to the south of the town, more abundant in remains than per- 
haps any of the other deposits of the formation yet discovered; 
and in this precipice Mr Martin first commenced his labours 
in the Red Sandstones of the district, and found it a mine of 
wonders. It is a place of singular interest,—a rock of sepul- 
chres ; and its teeth, scales, and single bones occur in a state 
of great entireness ; though, ere the deposit was formed, the 
various ichthyolites whose remains it contains seem to have 
been broken up, and their fragments scattered. Accumula- 
tions of larger and smaller pebbles alternate in the strata ; 
and the bulkier bones and teeth are found invariably among 
the bulkier pebbles, thus showing that they were operated 
upon by the same laws of motion which operated on the inor- 
ganic contents of the deposit. At a considerably later period 
the fossils of the upper group were detected in the precipitous 
and romantic banks of the Findhorn, by Dr Malcolrason of 
Madras, when prosecuting his discoveries of the organisms of 
the lower formation. He found them also, though in less 
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first naturalifita of tlie age, and whr 

acquaintance witli esisimg forms of being, adds ^ 

acquaintance scarcely lesn minute with those fom 

of primeval life that no longer csist. He il 

first discovered, in the Upper Old Red Sandstone 

of Fifeshire, the large scales and plates of that si 

ingly characteristic ichthyolite of the higher fomWcl 

abundance, in a Bplsndid section exbibiMd in the Hamti 
Lethen, a rivulet iif Moray, and yet again in tba neighbo 
hood of Altyre. The Rev. Mr Gordon of Birnie, and 1 
Robertson ut' Invenigie, have h«en also discoverEn in the d 
trict. To the seologiiwl l&boari of Mr Patrick Daff of Elj^^ 
in the same Geld, I have already had occnaion incidentally U 
refer. The patient inqniries of this gentleman have been pro- 
gecnted for years in all the rormations of the province, from 
the Weald of LiuksEeld, with itH pecnliar laonstrine re- 
raainn,— lignites, minute fresh-water ihella, and the teeth, 
■pines, and vertebrie of fish and saariansr-down to the bsM 
of the Old Red Sandstone, with it» Cocmtlei, Dipteri, and 
Plerichtht/ei, His acquftintanee with the orKanisTns of tho 
Scttt-Craig a at onee more extensive and minute than that uF 
perhaps any other geologist ; and his ealledioa of them very 
valuable, representing, as it does, a formation of much inte- 
rest, itill little known. Mr Duff ia at present engaged on a 
volume descriptive of the Geology of tlie province of Moray, a 
diitrii:t extensively explored of late years, and abnndnjit initi 
distinct groupes of organisms, but of which gener.il nradert 
have still much to learn ; and from no one eonld they learn 
more regarding it than from Mr Duff. It is still only a feir 
months since the Upper Old Red Sandstones of the southern 
districts of Scotland were found to be fossiliferons ; and the 
writer is chiefly indebted for his acqaaintanQe with their or- 
KODisms to a tradesman of Berwickshire, Mr William Steven- 
soa of Bunse, wlio, on perusing some of the geulngical articles 
which appeared in tbo Witma ncwspaiier, daring the course 
of the lost antnmn, sent him a parcel of fossils disinterred 
from oat the deep belt of Red Sandstone which lean?, to the 
south in that locality, against the graawocke of the LammBr- 
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tion, now known as the Holoptychius^ — of which 
more anon ; and, unquestionably, no one acquainted 
with his writings, or the character of his mind, can 
doubt that he examined carefully. Now, a few years 
since, I had the pleasiure of introducing Professor 
Fleming to the organisms of the Lower Old Red 
Sandstone, as they occur in the neighbourhood of 
Cromarty; and notwithstanding his extensive ac- 
quaintance with the upper fossils of the system, he 
found himself, among the lower, in an entirely new 
field. His knowledge of the one group served but to 
show him how very different it was from the other. 
With the organisms of the lower he minutely acquaint- 
ed himself: he collected specimens from Gamrie, 
Caithness, and Cromarty, and studied their peculia- 
rities ; and ^e^^ being introduced last year to the dis- 
coveries of Mr Webster at Balruddery, he found his 
acquaintance with both the upper and lower groupes 
stand him in but the same stead that his first acquired 
knowledge of the upper group had stood him a few 
years before. He agreed with Agassiz in pronouncing 
the group at Balruddery essentially a new group. Add 
to this evidence the well-weighed testimony of Mr 
Murchison regarding the three formations which the 

mnirs. Mr Stevenson had recently discovered them, he stated, 
near Preston-haugb, aboat two miles north of Dunse, in a fine 
section of alternating Sandstone and conglomerate strata that 
lie unconformably on the granwacke. They consist of scales 
and occipital plates of the Holoptychius^ with the remains of 
a balky but very imperfectly-preserved ichthyodorulite ; and 
the coarse arenaceous matrices which surrounded them seem 
identical with the red gritty Sandstones of the Findhorn and 
the Scai'Craig, 



I )li] Red Sandstone coatains in England, wher 
eiilire system is found conrinuoua, the Comstone o' 
lying the Tilestone, and tlie Quartitose con 
tiie Comstone, — take into account the fiift that tl 
each Ibrraation has its chitracteristic fossil, idei 
ivith Bonie characteristic fossil of the correspondi 
t'omiation of Scotland, — that the Titestones of tht^ 
tme, and the lower group of the other, liave their 
JJiptenig in eonrnion, — that the Comstones of the 
one, aud tho middle group of the other, have tlifir 
C'epkaliupis in conunou, — tliat the (juortzose conglo- 
merate of the one, and the upper group of ilie other, 
have their Hiiloptyeklu* in commou, — and then say 
whether the prools of distinct succeeding formations 
can he more surely estabhsihed. Ifj however, the 
reader still entertain a doubt, let him m 
singularly instructive section of the entire system, fi 
the Carboniferous Limestone to the Upper Sil 
given by Mr fllarchison in his Stlurian S^»Um (B 
II. Piate XXXI. fig. 1), and he will tinH ih* d 
vanish. But lo return to the fossils of tht! Oonisb 



In only one instance have these yot been i 
Scotland nortli of the Grampians, and to that o 
liiive already had occasion to refer. A species of Ci 
laijnt has beMi discovered in the Middle Saodsttf 
uf Moray, by Dr Malcolmson. If well sought for, ti 
would he also found, I doubt not, in K;ister-fi 
ilie neighbourhood of (_'adholl, where there r 
high over (he iciiihyolile bsd«, a dark gray sundatw 
identical iuiiiinerid ihuracturwilh thegruy simdatgi 
of ISniruiIdery. Thf chiirnct^jiistic fossil of tie g 
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the Cepkalaspig^ occuis in considerable abundance in 
Forfarshire, and in a much more entire state than in the 
Comstones of England and Wales. The rocks to 
which it belongs are also dereloped, though more 
sparingly, in the northern extremity of Fife, in a line 
parallel to the southern shores of the Tay. But of 
all the localities yet known, the Den of Balruddery is 
that in which the peculiar organisms of the formation 
may be studied with best effect. The oryctology of 
the Comstones of England seems restricted to four 
species of the Cephctkupis, In Fife all the organisms 
of the formation yet discovered are exclusively vege- 
table, — darkened impressions of stems like those of 
the inferior ichthyolite beds, confusedly mixed with 
what seem slender and pointed leaflets drawn in black, 
and numerous circular forms which have been deem- 
ed the ren^ains of the seed-vessels of some unknown 
sub-aerial plant. " These last occur," says Professor 
Fleming, the original discoverer, " in the form of cir- 
cular flat patches, not equalling an inch in diameter, 
and composed of numerous smaller contiguous circu- 
lar pieces ;" the tout ensemble resembling " what might 
be expected to result from a compressed berry, such 
as the bramble or the rasp." In Forfarshire the re- 
mains of the Cephalaspia are found associated with 
impressions of a different character, though equally 
obscure, — ^impressions of polished surfaces carved into 
seeming scales ; but in Balruddery alone are the vege- 
table impressions of the one locality, and the scaly 
impressions of the other, together with the character- 
istic ichthyolites of England and Forfarshire, found 
associated with numerous fossils besides, many of 
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tliom oliscure, but all of them of interest, biiiI all of 
ihem new to Geology, 

One of the etrangest orgaaiains of the formation i» 
n fossil lolater, of such huge proportions, tliat one of 
the avert^e-siiicd lobsters, common in our markets, 
might stretch its entire length acroiu the voutinuoiu 
tail-flup in which the creature terminated. And it ia 
a marked characteristic of the fossil, that the tt?rniinal 
tliiji should be continuous : in all the existing varietie* 
with which I am acquainted it is divided into angular 
Elections, The claws nearly resembled those of the 
common lobster : their outline is similar ; there b the 
same hawk-bill curvature outside, and the iiuier sides 
of the pincers are anned with similar teeth-like luber- 
culcs. The immense shield which covered the upper 
jiart of the creature's body is more angular than b the 
esisling varieties, and resembles, both iij form anJ 
size, one ttf those lozenge-shaped shields nom by 
knights of the middle ages on gala days, rather 
ornament than use, and on which the herald sliU 
S'Tibes the armorial bearing of ladies who bear 
in their own right. As shown in some of the \aiffi 
specimens, the length of this gigantic crustacean roust 
have exceeded four feet. Its shelly armour was deli- 
cately fretted with the forms of circular or etlipticul 
scales. On all the many plales of which it was eoni- 
pnsnl we see these described hy gracefiilly-watHl 
lines, and rising apparently from under one another, 
riiw beyond row. They were, however, as much ihf 
nii'TC eembUnee of scales as those relieved by Uie 
wulplor on the corslet of a warriors cfflgy on o (lolhiu 
i„i,il,, — niere sculpturings on the sur&ce of the shell 
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This peculiarity may be regarded as throwing light on 
the hitherto doubtful impressions of the sandstone of 
Forfarshire, — ^impressions, as has been said, of smooth 
jSudlEu^es carved into seeming scales. They occur as 
impressions merely, the sandstone retaining no more 
of the original substance of the organism than the im- 
pressed wax does of the substance of the seal ; and the 
workmen in the quarries in which they occur, finding 
form without body, and struck by the resemblance 
which the delicately- waved scales bear to the sculp- 
tured markings on the wings of cherubs, — of all sub- 
jects of the chisel the most common, — fancifully 
termed them Seraphim. They have turned out, as 
was anticipated, to be the detached plates of some 
such crustacean as the lobster of Balruddery. 

The ability displayed by Cuvier in restoring from 
a few broken fragments of bone the skeleton of the 
entire animal to which the fragments had belonged, 
astonished the world. He had learned to interpret 
signs as incomprehensible to every one else as the 
mysterious handwriting on the wall had been to the 
courtiers of Belshazzar. The condyle of a jaw be- 
came in his hands a key to the character of the ori- 
ginal possessor ; and in a few mouldering vertebrae, or 
in the dilapidated bones of a fore arm or a foot, he 
could read a curious history of habits and instincts. 
In common with several gentlemen of Edinburgh, all 
men known to science, I was as much struck with the 
skill displayed by Agassiz in piecing together the 
fragments of the huge crustacean of Balruddery, and 
in demonstrating its nature as such. The numerous 
specimens of Mr Webster were opened out before us. 
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On a prerious morning 1 had examined them, as I 
have sail], in the company of Mr Murchiaon and I)r 
Buckland ; they had been seen aim by Lord Greenocit, 
Dr Train, and Mr Charles M'Laren ; and their frag- 
ments of new and undescribed fishes had been at once 
recognized with reference to at least their class. But 
the collection contained organisms of a different kind, 
which seemed inexplicable to all, — forms of Tarioiu 
design, but so regularly mathematical in their outlines 
that tliey might be all described by a ruler and a 
of compasses, and yet the whole were covered 
seeming scales. There were the fragments of acolf 
rhoml«, of scaly crescents, of acaly circles wilh scaly 
jiaralletograms attached to them, and of several other 
regular compound iigures besides. Mr Murchisoa, 
fomiliar with the older fossils, remarked the close re- 
semblance of the seeming scales to those of the Sera- 
pltim, of Forfarshire, but deferred the whole to the 
judgment of Agassiz; no one else hazarded a conjec- 
ture. Agassiz glanced over the collection. One spe- 
cimen especially caught his attention, — an eli-gaatij 
symmetrical one. It seemed a combination of the 
parallelogram and the crescent : there were pointed 
homs at each end ; but the conTes and concave Imes 
of the opposite sides passed into almost parallel right 
lines toward the centre. His eye brightened as hf 
contemplated it. " I will tell you," he said, turning 
to the company, — " I will tell you what these are, — 
the remains of a huge lobster." He arranged the 
specimens in the group before him with as mncli ap- 
parent ease as I liave seen a young girl arranging 
iiiecBS of ivory or mother-of-pcm'I in an indi 
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A few broken pieces completed the lozenge-shaped 
shield ; two detached specimens placed on its opposite 
sides furnished the claws; two or three semi-rings 
with serrated edges composed the jointed body ; the 
compound figure, which but a minute before had so 
strongly attracted his attention, furnished the terminal 
flap ; and there lay the huge lobster before us, pal- 
pable to all. There is homage due to supereminent 
genius, which nature spontaneously pays when there 
are no low feelings of envy or jealousy to interfere 
with her operations ; and the reader may well believe 
that it was willingly rendered on this occasion to the 
genius of Agassiz. 

The terminal flap of this gigantic crustacean was, 
as I have said, continuous. The creature, however, 
seems to have had cotemporaries of the same family, 
whose construction in the divisions of the flap re- 
sembled more the lobsters of the present day; and 
the reader may see in the subjoined print the re- 
presentation of a very characteristic fragment of an 
animal of this commoner type, from the Middle 
Sandstones of Forfarshire (see Plate IX. fig. 1). 
It is a terminal flap, — one of several divisions, — curi- 
ously firetted by scale-like markings, and bearing on 
its lower edge a fringe, cut into angular points, 
somewhat in the style of the Vandyke edgings of a 
ruff or the lacings of a dead-dress. It may be re- 
marked in the passing, that our commoner lobsters 
bear on the corresponding edge, fringes of strong red- 
dish-coloured hair. The form altogether, from its wing- 
like appearance, its feathery markings, and its angular 
points, will suggest to the reader the origin of the 
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name giren it by the Forferslure workmen. With 
anotLer such flap spreading out in the contrary direc- 
liou, and a periwigged head between them, we ivould 
liave one of the sandstone cherubs of our counti; 
churthyards complete. 

There occur among the other organisms of Balrud- 
ilery numeroiis ichthyodorufitcs, — tin-spines, such as 
those to which I haTc called the attention of the 
reader in describing the thomy-hnned fish of the 
lower formation. But the ichthyodonth'tes of 
ruddery differ esaentiaUy fnun those of Caitfai 
Moray, and Cromarty. Theae last are described 
both sides, in every insfance, by either straight at 
slight ty-curved lines, whereas one of the describing 
lines in a Bahniddery variety is broken by projecting 
prickles that resemble sharp hooked teeth set in a 
jaw, or rather the entire iclithyodorulite resemhiw 
the spring of a wild rose-bush bearing its pecuhar 
aquiline-shaped thorns on one of its sides. Buck- 
land in his BridgmDoier IVtatiw, and Iiyell in hit 
EleTnenU, refer to this peculiarity of straeture in tch- 
thyodoriilites of the latter formations. The hookii 
invariably ranged on the concave or posterior edj 
the spine, and were employed, it is aupposod, 
ing tjie fin. Another iuhthyodorulite of the 
resenibles, in the Gothic cast of its roddings, 
nf the Diplaeantkut of the Lower Old Red 
stone described in pages 111! and 117 of the fii 
volume, and figured in Plate VIII. fig. 2, except 
it was proportionally stouter, and traversed at 
by lines running counter to the slriie that fiurow 
longitudinally. Of the other organisms of Balnid- 
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•y I cannot pretend to speak with any degree of 
kiaintj. Some of them seem to have belonged to 
I BadicUa ; some are of so doubtful a character 
■t it can scarce be determined whether they took 
Bbr place among the forms of the vegetable or ani- 
p kingdoms. One organism in particular, which 
kat first deemed the jointed stem of some plant 
ibling a calamite of the Coal Measures, was found 
Lgassiz to be the slender Umb of a crustacean, 
lute description of this interesting deposit, with 
itive prints, would be of importance to science : 
Id serve to fill a gap in the scale. The geolo- 
pathway, which leads upwards to the present 
>m those ancient formations in which organic 
first began, has been the work of well nigh 
hands as some of our longer raihoads : each 
>r has taken his part; very extended parts 
len to the share of some, and admirably have 
Lecuted them ; but the pathway is not yet com- 
and the completion of a highly curious portion 
raits the further labours of Mr Webster of Bal- 

^nsiderable portion of the rocks of this middle 
ion in Scotland are of a bluish-gray colour : in 
Idery they resemble the mudstones of the Silu- 

l|ystem ; they form at Carmylie the fissile bluish- 
I". pavement, so well known in commerce as the 

lent of Arbroath; they occur as a hard mica- 
building-stone in some parts of Fifeshire; in 
they exist as beds of friable stratified clay, that 

ve into unctuous masses where washed by the 
In England the formation consists, throughout 



f 



its entire deplli, of lieds of rod and green marl, 
iilteniating lieds of the nodular limestones, to » 
it ow^ its name, and with here and there an i. 
posing band of indurated sandstone. 

The Comstone ftinnation ia more estensively del 
loped in Forfarshire than in any other distriPt 
Scotland ; and from this circumstance the resolt of the 
ivriter'a observations regarding it, during the course of 
a recent visit, may be of Bome Uitle interest to the 
reader. About two-thirds the entire area of this 
county is composed of Old Red Sandstone. It forms 
a portion of that great belt of the system which, es- 
tending across the island from the German Ocean 
to the Frith of Clyde, represents the southern bar of 
the huge sandstone frame in whiuli the Highlands 
of Scotland is set. The Grampians run along 
inner edge, — composing part of the primary 
ivliich the frame encloses : the Sidlaiv Hills 
through its centre in a line nearly parallel to 
and separated from them by Strathmore, the 
valley of Angus. The valley and tlie hills thus fe 
if I may so express myself, the mouldings of the frame, 
— mouldings somewhat resembling tlie seini-recta of 
the architect. There is first, reckoning fium the 

the valley ; tlien an immense convex one,- 
and then a half curve bounded by the se 
lustration may further serve to show the present 
dition of the formation : it ia a frame much 
denudation, and — just as in a i/nia Jidt 
the higher mouldings that have suffered most, 
after liiyer lias been worn down on the ridgos. 



lands 
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as on a raised moulding we may see the gold leaf, 
the red pigment, and the whiting, all groimd down 
to the wood ; while in the hollow moulding beside it, 
on the contrary, the gilt is still fresh and entire. We 
find in the hollows the superior layers of the frame 
still overlying the inferior ones, and on the heights 
the inferior ones laid bare. To descend in the sys- 
tem, therefore, we have to climb a hill, — to rise in it, 
we have to descend into a valley. We find the lowest 
beds of the system anywhere yet discovered in the 
county, on the moory heights of Carmylie ; its newer 
deposits may be found on the sea shore, beside the 
limeworks of Hedderwick, and in the central hollows 
of Strathmore. 

The most ancient beds in the county yet known 
belong, as unequivocally shown by their fossils, to but 
the middle formation of the system. They have been 
quarried for many years in the parish of Carmylie ; and 
the quarries, as may be supposed, are very extensive, 
stretching along a moory hill side for considerably more 
tha^a mile, and furnishing employment to from sixty 
to a hundred workmen. The eye is first caught, in ap- 
proaching them, as we surmount a long flat ridge, 
which shuts them out from the view of the distant 
sea, by what seems a line of miniature windmills, 
the sails flaring with red lead, and revolving with the 
lightest breeze at more than double the rate of the 
sails of ordinary mills. These are employed — a lesson 
probably borrowed from the Dutch — in draining the 
quarries, and throw up a very considerable body of 
water. The line of the excavations resembles a huge 
drain, with nearly perpendicular sides, — a consequence 
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of ih* regular aoH well-detennined character of 
joints witi) irbich the strata are bisected. The 
iodf is a gray cluee-graiDed fissile sandstone, of 
equal bardness, and so very tough and coherent, — 
qnlitics which it seems to owe in part to the vast 
ahamiaaee of mica which it contains, — that it is quil 
posiblc to strike a small hammer through 
hi^er flags, without shattering the edges of the 
iuiBtian. Hence its value for various purposes wl 
common sandstone is too brittle and incoherent 
scrre. It is extendvely used tu the neighboi 
as a roofing slate ; it is employed, too, in the n 
of vtaier cisterns, grooved and jointed as if wrou^ 
out of nood, and for the tops of lobby and billiari] 
tables. I have even seen snufl-boies fashioned out 
of it, as a son of mechanical feat, by the worki 
a purpose, however, which it seems to serve only 
difFereatly well, — and single slabs of it cut into 
lablr neat window frames for cottag< 
extensively used, however, merely as a paving-stone 
for lobbies and lower floors, and the footways of stifeti. 
When first deposited, and when the creatures 
organic remains it still preserves careered over, 
numerous platforms, it seems to have existed as a * 
muddy sand, formed apparenllv of disintegrated 
wacke rocks, analogous in their mineral characti 
the similarly coloured grauwacke of the I.>itmi 
muirs, or of primary slates ground doivn by att 
into mod, and mixed up with the pulverised 
inents of schistose gneiss and mica .schist. 

1 was first struck, on deacending among the 
men, by ihe comparative abundance of the vegel 
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remains. In some parts of the quarries almost every 
layer of the strata is coyered by carbonaceous mark- 
ings, — irregularly grooved stems, branching ^out into 
boughs at acute angles, and that at the first glance 
seem the miniature semblances of the trunks of gnarled 
oaks and elms blackened in a morass, and still retain- 
ing the rough bark chapped into furrows ; oblong 
leaf-like impressions too, and impressions of more 
slender form, that resemble the narrow parallel-edged 
leaves of the sea-grass weed. I observed, in particu-, 
lar, one large bunch of ribbon-like leaflets converging 
into a short stem, so that the whole resembled a 
scourge of cords ; and I would fain have detached it 
from the rock, but it lay on a mouldering film of clay, 
and broke up with my first attempt to remove it. 
A stalk of sea-grass weed plucked up by the roots, 
and compressed in a herbarium, would present a some- 
what similar appearance. Among the impressions 
there occur irregularly shaped patches, reticulated into 
the semblance of polygonal meshes. They remind 
one of pieces of ill-woven lace, for the meshes are 
unequal in size, and the polygons irregular (see Plate 
IX. ^g, 2). When first laid open, every mesh is 
filled with a carbonaceous speck ; and from their sup- 
posed resemblance to the eggs of the frog, the work- 
men term them puddock spawn ^ They are supposed 
by Mr Lyell to form the remains of the eggs of some 
gasteropodus mollusc of the period. I saw one flag- 
stone, in particular, so covered -with these reticulated 
patches, and so abundant, besides, in vegetable impres- 
* sions of both the irregularly furrowed and grass- weed 
looking class, that I could compare it to only tb 
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bottom of a ditch braide a hedge, matted with 
I'd grass, strewed with blackened twigs of the hai 
thorn, and mottled with detached masses of the eggfi 
of the frog. All the larger vegetables are reBolred 
into as pure a coal as the plants of the Coal Measures 
themselves, — the kind of data, doubtless, on which 
unfortunate coal speculators have often earned disap- 
jiointment at large expense. ?^one of the vtigetables 
themselves, however, in the least reseinble those of 
the carboniferous period. 

The animal remains, though less nomerous, 
more interesting. They are identical with those 
the Den of Balruddery. I saw, in the possession of 
the superintendent of the quarries, a well-preserved 
head of the Vepkaliupii Lydl'ii. The crescent-shaped 
horns were wanting, and the outline a little 
but the eyes were better marked than in almost 
other specimen I have yet seen, and the circular 
like tuberculea which roughen the large occipital buck- 
ler, to which the creature owes its name, were toler- 
ably well defined. 1 was shown the head of another 
individual of the same species in the centre of a laijc 
slab, and nolhing could be more entire than the out- 
line. The osseous pbte still ret^ned the originiil 
brownish- white hue of the bone, and its radiated 
porous texture ; and the sharp crescent-shaped homfi 
were as sharply defined as during the lifetime ef 
the strangely organized rreatore which they had de- 
fended. In both specimens the thin aDgutai IkxIi' 
WAS wanting. Like almost all the other fish of Oic 
Old Wed Sandstone, ihe buny skelelon of the Cf 
ItUfu was external, — aa much so as the shell of 
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crab or lobster : it presented at all points an armour 
of bone as complete as if it had been carved by the 
ivory-turner out of a solid block ; while the internal 
skeleton, which in every instance has disappeared, 
seems to have been composed of cartilage. I have 
compared its general appearance to a saddler's cutting- 
knife ; — I should, perhaps, have said a saddler s cut- 
ting-knife divested of the wooden handle, — ^the broad 
bony head representing the blade, and the thin angu- 
lar body the iron stem usually fixed in the wood. No 
existence of the present creation at all resembles the 
Cephcdctspis, Were we introduced to the living crea- 
tures which now inhabit the oceans and rivers of 
Mars or Yenus, we could find nothing among them 
more strange in appearance, or more unlike our living 
acquaintances of the friths and streams, than the Ce- 
phalctgpides of Carmylie. 

I observed, besides, in the quarry, remains of the 
huge crustacean of Balruddery. The plates of the 
Cephahispis retain the colour of the original bone : 
the plates of the crustacean, on the contrary, are of a 
deep red tint, which contrasts strongly with the cold 
g£2Lj of the stone. They remind one, both in shape 
and hue, of pieces of ancient iron armour, fretted into 
semi-elliptical scales, and red with rust. I saw with 
one of the workmen what seemed to have been the 
continuous tail-flap of an individual of very consider- 
able size. It seemed curiously puckered where it had 
joined to the body, much in the manner that a gown 
or kilt is puckered where it joins to the waistband ; 
and the outline of the whole plate was marked by 
what I may venture to term architectural elegance. 
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The mathematician could have described it with his 
ruler mid compasses. The superintendent pointed 
out to me another plate in a slab dressed for a piece 
of common pavement. It was a regularly formed 
parallel ogram, and Lad obviously composed one of the 
jointed plates which had covered the creature's body. 
I could not so easily assign its place to yet a third 
plate in the possession of the Rev. Mr Wilson of 
Carmylie. It is coloured, like the others, and, like 
them too, fretted into minute scales, but the form a 
exactly that of a heart, — not such a heart a 
tomist would draw, hut such a heart rather as we sf 
at times on valentines of the humbler order, oi 
ace of hearts in a pack of cards. Possibly e 
may have been the brrast-plato of this antique a 
tacean of the Comstones. The spawn of o 
blue lobster is composed of spherical black grainy 
nearly the size of mustard seed. It struck v 
very improbable, that the reticulated markings of Hie 
flagstones of Carmyhe may have been produced bj 
the minute eggs of this fossil crustaceiui, covered i^ 
by some hastily deposited layer of mingled mad « 
sand, and forced into the polygonal form by pre 
against each other, and by the weight fkim above..! 
The gray iiasile bed in which these orgaoisma tf 
cur was perforated to its baso on two several occasiol 
and in different parts of the quarries ; i 
merely to ascertain its depth ; in the other, i 
course of excavating a tunnel. In the one c 
was found to rest on a bed of tmp, which seen 
have insuiuated itself among the strata with as liH 
disturbance, and which lay neoirly as confomuibljl 




THE OLD RED SANDSTONE. 183 

them as the greenstone bed of Salisbury Crags does 
to the alternating sandstones and clays which both 
underlie and overtop it. In the other instance the 
excavators arrived at a red aluminous sandstone, vein- 
ed by a purplish coloured oxide of iron. The upper 
strata of the quarry are overlaid by a thick bed of 
grayish red conglomerate. 

Leaving behind us the quarries of Carmylie, we 
descend the hill-side, and rise in the system as we 
lower our level and advance upon the sea. For a 
very considerable distance we find the rock covered 
up by a deep-red diluvial clay, largely charged with 
water-worn boulders, chiefly of the older primary 
rocks, and of the sandstone underneath. The soil on 
the higher grounds is moory and barren, — a conse- 
quence, in great part, of a hard ferruginous pan, which 
interposes like a paved floor between the diluvium 
and the upper mould, and which prevents the roots 
of the vegetation from striking downwards into the 
tenacious subsoil. From its impervious character, 
too, it has the effect of rendering the surface a bog 
for one half the year, and an arid sun-baked waste 
for the other. It is not improbable that the heaths 
which must have grown and decayed on these heights 
for many ages may have been main agents in the foi- 
mation of this pavement of barrenness. Of all plants 
they are said to contain most iron. According to 
Fourcroy, a full twelfth part of the weight of oak, 
when dried, is owing to the presence of this almost 
imiversally diffused metal ; and the proportion in our 
common heaths is still larger. It seems easy to con- 
ceive how that, as generation after generation wither- 
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ed on these heights, and were slowly reaolred into » 
Jitlle moBsy dust, the minute metallic partieies which 
ihej hiid contained would he carried downwiirds by 
the laina through the lighter stratnin of soil, till, 
reaching the impenneahle platfbnn of tenacious cky 
beneath, they would gradually accumulate tliere, and 
at length bind its upper layer, as is the nature of fer- 
ruginous oxide, into a continuous stony crust. Bog 
iron, and the clay ironatone, so abundant in the Cod 
Measures, and so extensively employed in our iron 
works, seem to have owed their accumulation in layers 
and nodules to a somewhat similar process, through 
the agency of T^etation. But I digress. 

The rocfc appears in the course of the EUi 
hundred yards above the pastoral village of Arbi 
We find it uptilted on a mass of clay-stone 
loid, that has here raised its broad back to the su^ 
face amid the middle shales and sandstones of llu' 
system. The stream runs over the intruded mass, 
and where the latter terminates, and the sandstones 
lean against it. the waters leap irom the harder to tbe 
softer rock, immediately beside the quiet parish 
iug'ground, in a cascade of some eight or ten 
From this point, for a full mile donitwanls, we 
an almost continuous section of the sandstone,- 
turn leiuiing against stratum, — in an angle of about 
thirty. The portion of the system thus eshibitcd 
must amount to many hundred yards in vertical ex- 
tent; hut as I could discover no data by which lu 
determine regarding the space which may inlcrveni^ 
between its lowest stratum and tlie still lower beds, 
C'iirmvHc, I could fonu no guesa respecting the 
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ness of the whole. In a bed of shale, about a quarter 
of a mile below the village, I detected several of the 
vegetable impressions of Carmylie, especially those of 
the grass-weed-looking class, and an imperfectly pre- 
served organism resembling the parallelogrammical 
scale of a Ce^hakupis, The same plants and animals 
seem to have existed on this high platform as on the 
Carmylie platform, far beneath. 

A little farther down the course of the stream, and 
in the immediate neighbourhood of the old weather- 
worn tower of the Ouchterlonies, there occurs what 
seems a break in the strata. The newer sandstones 
seem to rest imconformably on the older sandstones 
which they overlie. The evening on which I explored 
the course of the Elliot was dri^ly and unpleasant, 
and the stream swollen by a day of continuous rain, 
and so I could not examine so minutely as in other 
circumstances I would have done, or as was necessary 
to establish the fact. In since turning over the Ble- 
ments of Lyell, however, I find, in his section of For^ 
farshire, that a newer deposit of nearly horizontal 
strata of sandstone and conglomerate lies imconform- 
ably, in the neighbourhood of the sea, on the older 
sandstones of the district ; and the appearances ob- 
served near the old tower, mark, it is probable, one of 
the points of junction, — a point of junction also, if I 
may be as bold as venture the suggestion, of the for 
mation of the Holoptychius with the formation of the 
Cephalaspu^ — of the Quartzose conglomerate with the 
Comstones. In my hurried survey, however, I could 
find none of the scales or plates of the newer ichthy- 
olite in this upper deposit, though the numerous sphe- 

L 
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ricHl luarkings of "hite, with their centrical points of 
darker colour, show that at one time the orgaaisme ol' 
Ihenie upper beds must have been Tery alfundant. 

We pass to the npper fmroation of l.lie system. 
Over the belt of mingled gray and red there oti'ura in 
the pyramid a second deep belt of red conglomeratic 
and Tariegated sandstone, with a band of Ume atop, 
luid over the band a thick belt of yellow sandstone, 
with which the system terminates.* Thus the seironif 
pjTamid consislsmineralogically, like the firat. of three 
great divisionii or bands ; its two upper belts belong- 
ing, like the three belts of the other, to but one for- 
mation, — the formation known in England as the 
Quart/oae Congloraerate. It ia lai^elj developed in 
Scotland. We find it spread over extensive 
Moray, Fife, Roxburgh, and Berwickshires. 
land it is compiiratively baa^n in fb^ls : the 



* There itill exists some uncertainty regarding the order n 
wUicb the urper i<t^ occur. Mr Duff of Elgin places tbc 
limestone bond above the yellow eandstone ; Messrs Sedg- 
wick and Mnrchimi aB»gn it an intermediate position I»- 
tween the red and yellov. The respective places of the gn; 
aiid red sandstones are also disputed, and b; very high authori* 
ties; Dr Fleming boldingthat the grajsandstones overlie the 
red (sea Cheeli'i Edinburgh Journal for Feb. 1831], and Mi 
L^etl, that the red sandstones overlie the gray (see EtetnaU 
a/ GfologSt pp. 99, 1 DO). The order adopted above oonwrti 
best with the resells of the writer's ohservationi, which have, 
however, been restricted chiefly to the north country. lir 
ajsiicns to the limestone band the middle place assigned \a it 
It; Messrs Sedgwick and MaTChiSDn,andtothegrayiaudit«iie 
llio inferior position assigned to it by Mr Lyell ; aware, how- 
ever, that the latter deposit has not only a coping, hot alw • 
I'luemeut, of r«d eandstone, — the basement forciing 

Dber of the lower formation. 
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animal organic remains jet detected in it was a single 
scale of the Holoptychita found by Mr Murcluson ; 
and though it contains yegetable organisms in more 
abundance, so imperfectly are they preserred, that little 
else can be ascertained regarding them than that they 
vrere land plants, but not identical with the plants of 
the Coal Measures. In Scotland the formation is 
richly fosinliferous, and the remains belong chiefly to 
the animsd kingdom. It is richly fossiliferous, too, in 
Russia, where it was discovered by Mr Murchison, 
during the sunmier of last year, spread over areas 
many thousand square miles in extent. And there, as 
in Scotland, the Hdoptpehitia is its characteristic fossil. 
The fact seems especially worthy of remark. The 
organisms of some of the newer formations differ en- 
tirely, in widely-separated localities, from their co- 
temporary organisms, just as in the existing state of 
things the plants and animals of Great Britain differ 
from the plants and animals of Lapland or Sierra 
Leone. A geologist who has acquainted himself with 
the belemnites, bacuKtes, turrilites, and sea-urchins of 
the Cret€iceous group in England and the north of 
France, would discover liiat he had got into an en- 
tirely new field among the hippurites, sphaerulites, 
and nummulites of the same formations, in Greece, 
Italy, and Spain ; nor, in passing to the tertiary de- 
posits, would he find less striking dissimilarities be- 
tween the gigantic mail-clad megatherium and huge 
mastodon of the Ohio and the La Plate, and the 
monsters, their cotemporaries, the hairy mammoth 
of Siberia, and the hippopotamus and rhinoceros of 
England and the Continent. In the more ancient 



geological periods, ere the seasons began, the case is 
essentially difiereat; the cotemporary tbrmations, nlien 
widely separated, are often very unlike in mineralogi- 
cul character, but in their fossil contents they are al- 
most always identical. In these earlier ages, the at-, 
mospheric temperature seems to hare depended niorf 
on the internal heat of the earth, only partially conled 
■lows from its original state, than on the earth's confi- 
guration or the influence of the sun. Hence a widely- 
spread equality of climate, — a green-house equiiUzation 
of heat, if I may so speak ; and hence, too, it would 
st^em, a widely-spread Fauna and Flora. The green- 
housea of Scotland and Sweden prodt 
plants with the green-hooaes of Spiiin antl Italy ; 
when the world was one vast green- 
froin below, the same families of plants, and thesaine 
tribes of animals, seem to have mnged over spaces im- 
iiieusely more extended than those geographical circles 
in whiah, in the present time, the same plants 
foutid indigenous, and the same animals native. 
fossil remains of the true Coal Measures are the 
to the westward of the Alleghany Mountains as id 
New Holland, India, Southern Airica, tlie neighbour- 
hood of Newcastle, and the vicinity of Edinburgh. 
And I entertain little doubt tRat, on a similar priji- 
ciple, the atUl more ancient organisms of the Old Ilfil 
Sandstone will be found to bear the same i^iamuUr 
all over the world. 
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CHAPTER IX. 



Fossils of the Upper Old Red Sandstone much more impeir- 
fectly preserved than those of the Lower. — The Causes ob- 
yioQS. — Difference between the two Gronpes, which first 
strikes the Observer, a Difference in Size. — The Holoptychius 
a characteristic Ichthyolite of the Formation. — Description 
of its huge Scales. — Of its Occipital Bones, Fins, Teeth, and 
H^eneral Appearance.— Cotemporaries of the Holoptychius, — 
Sponge>like Bodies. — Plates resembling those of the Stur- 
geon. — Teeth of various Forms, but all evidently the Teeth of 
Fishes. — Limestone Band and its probable Origin. — Fossils 
of the Yellow Sandstone. — The Pterichthys of Dura Den. — 
Member of a Family peculiarly characteristio of the Sys- 
tem« — No intervening Formation between the Old Red Sand- 
stone and the Coal Measures. — The Hoioptychius cotempo- 
rary for a time with the Megaliehthys. — The Columns of 
Tubal Cain. 



The different degrees of entireness in which the 
geologist finds his organic remains, depend much less 
on their age than on the nature of the rock in which 
they occur; and as the arenaceous matrices of the 
Upper and Middle Old Red Sandstones have heen 
less favourable to the preservation of their peculiar 
fossils than the calcareous and aluminous matrices 
of the Lower, we frequently find the older organisms 
of the system fresh and unbroken, and the more mo- 
dem existing as mere fragments. A fish thrown into 
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a heap of salt wouW he fonnd entbe after the lapse of 
inaDy years ; a fish thrown into a Leap of sand woold 
disappear in a mass of putreftiction in a few weeks : 
and only the less destructible parts, such as the teeth, 
the harder bones, and perhaps a few of the scales 
would siirrive. Now, limestone, if I may so speak, 
is the preaerviug salt of the geological world ; and 
the conservative qnahties of the shales and stratified 
days of the lA>wer Old Red Sandstone are not much 
inferior to those of lime itself; while, in the Upper 
Old Red, we hare merely beds of consolidated sand, 
and these, in most instances, rendered leas conserra- 
tive of organic remains than even the common sand of 
ourshore8,hy a mixture of the red oside of iron. The 
older fossils, therefore, like the mummies of Egypt, 
can be described well nigh as minutely as the exist- 
ences of the present creation ; the newer, like the 
comparatively modem remains of our churchyard^ 
exist, except in a few rare caaea, as mere fragmented 
and demand powers such as those of a Cuyier or nn 
AgasMjfi to restore them to their original eombinatioiis. 
But cases, though few and rare, do occur in which, 
through some favourable accident connected with (ke 
death or sepulture of some individual existence of the 
period, its remains have been preserved almost enlire; 
and one such specimen serves to throw light on whole 
heaps of the broken remains of its cotemporaries. 
The single elephant, preserved in an iceberg beside 
the Arctic Ocean, illustrated the peculiarities of the 
numerous extinct lamily to which it belonged, and 
whose bones and huge tusks whiten tlie waates of Si 
beria. The human body found in an Irish Ik^, i 
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the ancient sandals of the country still attached to its 
feet by thongs, and clothed in a garment of coarse 
hair, gave evidence that bore generally on the degree 
of civilization attained by the inhabitants of an entire 
district in a remote age. In all such instances the 
character and appearance of the individual bear on 
those of the tribe. In attempting to describe the or- 
ganisms of the Lower Old Bed Sandstone, where the 
fossils lie as thickly in some localities as herrings on 
our coasts in the fishing season, I felt as if I had whole 
tribes before me. In describing the fossils of the 
Upper Old Red Sandstone I shall have to draw mostly 
from single specimens. But the evidence may be 
equally sound so far as it goes. 

The difference between the superior and inferior 
groupes of the system which fii«t strikes an observer, 
is a difference in the size of the fossils of which these 
groupes are composed. The characteristic organisms 
of the Upper Old Red Sandstone are of much greater 
bulk than those of the Lower, which seem to have 
been characterized by a mediocrity of size throughout 
the entire extent of the formation. The largest ich- 
thyolites of the group do not seem to have much ex- 
ceeded two feet or two feet and a half in length ; its 
smaller average from an inch to three inches. A jaw, 
in the possession of Dr Traill, — ^that of an Orkney 
species of Holoptychxus^ and by much the largest in 
his collection, — does not exceed in bulk the jaw of a 
full-grown coal-fish or cod ; his largest Coccosteus 
must have been a considerably smaller fish than an 
ordinary-sized turbot; the largest ichthyolite found 
by the writer was a Dlplopterus, of, however, smaller 
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n (lie id) thy elite to whicli the ja» 
the possessioii of Dr Traill must hare belonged ; 
remmns of another ZHploplemg from Gamrie, the r 
nuuisr yet discovered in that locality, eeem to hai 
composed the upper parts of an individual about t< 
feet and a half in length. The fish, in short, of 
lower ocean of the Old R«d Sandstone, — and I nut 
speak of it throughout an area which comprises Ork- 
ney and Inverness, Cromarty and Ganuie, and which 
must have included about ten thousand square miles. 
— ranged in size between the stickleback and the cod ; 
whereas some of the fish of its upper ocean were cti- 
vered by scales as large as ovsler-shells, and armed 
nith teeth that rivalled in bulk those of the erocodile. 
Tliey must have been fish on an immensely larger scale 
than those with which the system began. There hai 
Ijeen scales of the Holoptffehiia found in Clashl 
whicli measiu^ three inches in length by 
half in breadth, and a full eighth port of 
thiclcness. There occur occipital plates of fishes in the 
same formation in Moray, a full foot in length by 
half a foot in breadth. The fragment of a tooth still 
iitlached to a piece of the jaw, found in the sand- 
stone elifts that overhang the Findhom, measures an 
inch in diameter at the base. A second tooth of 
same formation, of a still larger size, disinterred b; 
I'litrick Duff from out the conglomerates of the 
Craiij, near Elgin, and now in his possession, 
two inches in length by rather more than an ind 
diameter (see Plate X. fig. 4). There occasionally 
up in tbe sandstones of Perthshire ichthyodoniliteB 
ill bulk and appearance resemble the teeth of 
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rounded at the edges by a few months' wear, and which 
must have been attached to fins not inferior in gene- 
ral bulk to the dorsal fin of an ordinaiy-sized porpoise. 
In short, the remains of a Patagonian bur jing-groimd 
would scarcely contrast more strongly with the remains 
of that battle-field described by Addison, in which 
the pigmies were annihilated by the cranes, than the 
organisms of the upper formation of the Old Red 
Sandstone contrast with those of the lower. 

Of this upper formation the most characteristic and 
most abundant ichthyolite, as has been already said, 
is the Holxyptyckius, The large scales and plates, and 
the huge teeth, belong to this genus. It was first in- 
troduced to the notice of geologists in a paper read 
before the Wemerian Society in May 1830, by Pro- 
fessor Fleming, and published by him in the February 
of the following year, in Cheek' 8 Edinburgh Journal, 
Only detached scales and the fragment of a tooth 
had as yet been found ; and these he minutely de- 
scribed as such, without venturing to hazard a conjec- 
ture regarding the character or family of the animal 
to which they had belonged. They were submitted 
some years after to Agassiz, by whom they were re- 
ferred, though not without considerable hesitation, to 
the genus Gyrolepis ; and the doubts of both natu- 
ralists serve to show how very uncertain a guide mere 
analogy proves to even men of the first order, when 
brought to bear on organisms of so strange a type as 
the ichthyolites of the Old Red Sandstone. At this 
stage, however, an almost entire specimen of the crea- 
ture was discovered in the sandstones of Clashbennie, 
by the Rev. James Noble of St Madoes, a gentleman 
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who, by devoting his leisure Louis to Geology, haft 
extended the knowledge of this upper formation, and 
whose name has heen attached by Agassiz to ita _ 
chaiacteiiatic fossil, now designated the ffolopti/eAiii$j^M 
NohiliegkRua. His specimen at once decided that tb#^| 
creature had been no G^rolepw, but the representatiis fl 
of a new genua not less strangely oiganized, and quite 
as unlike the ekistences of the present times as any 
existence of all the past. So marked are the peculi- 
arities of the Holopt^/ehitte, that they strike the com- , 
monest obseirer. 

The scales are Tery characteristic. They are m 
elliptical plates, scarcely less bulky in proportio: 
their extent of surface than our smaller copper o 
composed internally of bone and externally of e 
mel, and presenting on the one side a porous struc- 
ture, and on the other, when well preserved, a bright 
glossy surface. The upper or glossy side is the moie 
chiLracteristic of the two. I have placed one of them 
before me. Imagine an elliptical ivory counter, an 
inch anil a hali' in length by an inch in breadth, and 
nearly an eighth part of an inch in thickness, the 
l.irger iliameter forming a. line which, if extended, 
would pass longitudinally ftom head to tail tlirough 
the animal which the scale covered. On the upper 
or anterior margin of this elliptical counter, imajpue 
a smooth selvage or border three-eighth parts of an 
inch in breadth. Iteneath this border there i 
iimer border of detachal tubercules, and beneal 
tubereules, large undulating liuTows, whith s 
longitudinally towards the lower end of the el 
Some of these waved fnrro«-8 run unbroken and % 
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parate to the bottom, some merge into their neigh- 
bouring furrows at acute angles, some branch out and 
again unite, like streams which enclose islands, and 
some break into chains of detached tubercules. No 
two scales exactly resemble one another in the mi- 
nuter peculiarities of their sculpture, if I may so 
speak, just as no two pieces of lake or sea may be 
roughened after exactly the same pattern during a 
gale; and yet in general appearance they are all 
wonderfully alike. Their style of sculpture is the 
same, — a style which has sometimes reminded me of 
the Runic knots of our ancient north-country obelisks. 
Such was the scale of the creature. The head, which 
was small compared with the size of the body, was 
covered with bony plates, roughened after a pattern 
somewhat different ft'om that of the scales, being tu- 
berculated rather than ridged ; but the tubercules pre- 
sent a confluent appearance, just as chains of hills 
may be described as confluent, the base of one hill 
running into the base of another. The operculum 
seems to have been covered by one entire plate, — a 
pecidiarity observable, as has been remarked, among 
some of the ichthyolites of the Lower Old Red Sand- 
stone, such as the Diploptertis^ Dipterus^ and Osteo- 
lepis. And it, too, has its field of tubercules, and 
its smooth marginal selvage or border, on which the 
lower edges of the upper occipital plates seem to 
have rested, just as in the roof of a slated building 
part of the lower tier of slates is overtopped and 
covered by the tier above. The scales towards the 
tail suddenly diminish at the ventral fins to about 
one-fourth the size of those on the upper part of the 
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body: the 6ns themselves are covered at tlieir bases, 
tthieh seem to hn\e been thick and fleshy like llic 
base of the pectoral 6n in the cod oi haddock, with 
sciiles Etill more minute ; and {ram the acaly huse the 
raya diyerge like the radii of a I'ircle, and terminate 
ill a semicircular onlline. The Tcntrala a 
nt'nrer the tail, says Agassis, than in any other gonoji 
fisli. (See Plate IX. fig. 2.) 

But no such description can communicate a 
quale conception hi the reader of the strildngly p 
turesque appenrance of the Ifoloptj/chitit, as shown % 
Mr Noble's splendid specimen. There is a genen 
nassiveness about the separate portions of the 
ture. that imparts ideas of the gigantic, independently 
of its bulk as a whole ; just bs a building of moderate 
size, when composed of very ponderous stones, IiastiJ 
more imposing effect than much larger building* ijB^ 
which the stones are smaller. The body n 
fofil across by tB'o feet and a half in length, i 
sive of the tail, which is wanting; hut the a 
which it is cased might have served e 
aligator of five times the size. It lies on its back, a 
a mass of red sandstone ; and the scales and plates 
still retain their bony colour, slightly tinged with red, 
like the skeleton of some animal that bad Uuo i 
years in a bed of ferruginous marl or clay. The a 
line of the occipital portion of the specimen fom 
low Gothic arch, of an intermediate style betweend 
round Sason and the pointed Norman. This Bichi 
filled by two angular pane-like plates, separated b 
Tortical line, that represeats;, if I may use Ap figii 
the dividing astragal; and the under jaw, with il 



THE OLD RED SANDSTONE. 197 

ireeping arcs or branches, constitutes the frame. All 
- the head which appears is that under portion of it 
hich extends from the upper part of the belly to the 
lout. The belly itself is thickly covered by huge 
iTved scales, that, from their massiveness and regular 
rrangement, remind one of the flags of an ancient 
;one roof. The carving varies as they descend to- 
wards the tail, being more in the ridged style below, 
nd more in the tuberculated style above. So fisiirly 
oes the creature lie on its back, that the ventral flns 
.ave fallen equally, one on each side, and, from their 
emicircular form, remind one of the two pouch-holes 
Q a lady's apron, with their laced flaps. The entire 
»uthne of the fossil is that of an elongated ellipsis, or 
ather spindle, a little drawn out towards the caudal 
jxtremity. The places of all the fins are not indicat- 
ed, but, as shown by other specimens, they seem to 
[lave been crowded together towards the lower extre- 
aiity, like those of the Glyptolepis^ an icththyolite 
which, in more than one respect, the HoloptychiuB 
must have resembled, and which, from this peculia- 
rity, presents a brush-like appilu*ance, — the head and 
shoulders representing the handle, and the large and 
thickly clustered fins the spreading bristles. 

Some of the occipital Ibones of the HoloptychiuB are 
very curious and very puzzling. There are pieces 
rounded at one of the ends, somewhat in the manner 
of the neck-joints of our better-known quadrupeds, 
and which have been mistaken for vertebra), but which 
present evidently, at the apparent joint, the enamel 
peculiar to the outer surface of all the plates and 
scales of the creature, and which belonged, it is pro- 
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InLler to die moiiL There are sadiUe-shaped bones 
Mo, «hk^ hare been r^arded as the central occipitnl 
plgirs at * new species of Coetxttteiu, but tvhqae stjii- 
of n>adii«it tabomle belongs evidently to the Holop~ 
lyetiMt. The jaws are exceedingly curious. They 
are composed oS aa solid bone as we u-mnlly find in 
ihe }Kvn at BumBiatia ; and the outer EUrface, 
is corercd la amimalf of comiuoiier atructore 
ponioiis of ihe ladal inte^nmcntd, we find pol 
■md jafmaaei, and fretted into tabercnles. The jaw» 
of Ike erariure, like those of the Otteolepig of the 
lomr ftmiatMn, were Baked jaws : it is, indeed, more 
than probable that all its real bones were so. and thai 
■he inUnial skdetoa was cartilaginoos. A row of 
ihickly-set pointed teeth ran along the japanned edgtt 
of the mouth,— what in fish of the ordinary oingtruo- 
tioD would be the iips ; and inside this row there wae 
n second and widely-set row of at least twenty ttmtt 
the bulk of the other, and which stood up over aid 
lievond It, like spires in a city over the rows of lowfl 
buildings in fironl. A nearly similar disposition IP 
teeth seems also to ham characterized the Mf^iefith^ 
but the contrast in size was somewhat less niiirktfd. 
One of the most singularly-formed bones of the tbr- 
madon will be found, I doubt not, when perfect speci- 
mens of the upper part of the creature shall be pro- 
cured, to have belonged lo the Boli3plffrMuM. It is ii 
huge ichthyodoruljte, formed, Iws-like, of four nearly 
rectangular planes, terminating in a point, and orna- 
mented on two of the sides by what in a work of an 
the reader would at oucc tcnn a species of CI 
frel-Kork, Along the centre there runs a line of 
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kenges, slightly truncated where they unite, just as, in 
plants that exhibit the cellular texture, the lozenge- 
shaped cells may be said to be truncated. At the 
sides of the central line there run lines of half lozenges, 
which occupy the space to the edges. Each lozenge 
is marked by lines parallel to the lines which describe 
it, somewhat in the manner of the plates of the tor- 
toise. The centre of each is thickly tuberculated ; 
and what seems to have been the anterior plane of 
the ichthyodorulite is thickly tuberculated also, both 
in the style of the occipital plates and jaws of the 
ffolaptyckitts. This curious bone, which seems to 
have been either hollow inside, or, what is more pro- 
bable, filled with cartilage, measures in some of the 
larger specimens an inch and half across at the base 
on its broader planes, and rather more than half an 
inch on its two narrower ones. 

Geologists hare still a great deal to learn regarding 
the cotemporaries of the ffoloptychitis Nobilissimtcs. 
The lower portion of that upper formation to which 
it more especially belongs, — the portion represented 
in our second pyramid by the conglomerate and sand- 
stone bar, — ^though imfavourable to the preservation of 
animal remains, represents assuredly no barren period. 
It has been found to contain bodies apparently organic, 
that vary in shape like the sponges of our existing 
seas, which in general appearance they somewhat re- 
semble, but whose class, and even kingdom, are yet to 
fix.* It contains, besides, in considerable abimdance, 

* These organisms, if in reality snch, are at once very curi- 
ous and very puzzling. They occur in some localities in great 
abundance. A piece of Clashbennie flagstone, somewhat more 
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though in a state of very imperfect preservatioo, srali?* 
thiit differ from those of the Hntoptpehita and from 
one another. One of these, figured and described by 
IVofeasor Fleming in C/ifietr't Edinhurt/h Journal. 
tjearing on its upper surface a mark like a St An- 
drew's cross, surrounded by tuheroulated dottings, and 
closely resembling in external appearance some of i\ii> 
scalis of the common sturgeou, " may be referred. 



than two Teet ii 
sent me for eiiu 
bears na fewer thiiD twelie of them on its npper anrfaiHr, 
and presents the sppearanve of a piece of rude sonlplnn, 
not Terf unlike thane ire sontetimes see in oountrycbarchyanll 
on the tombstones of tbe timi of the ReTDlntion. All the 
twelve larj' in appeArauce^tiumB of them are of a pear ahsiw. 
— iome are irregularly ov-l,— aoma retamble short cuts of llie 
bule of a tree, — Aome are spread out like ancient manuscript* 
partiall)' unrolled,— one of the number seenu a hage thungli 
not OT«r-neatl]r formed aeom— an apprentice-mason's first 
attempt, — the others are of a shape bo irregular as to let ana- 
parison and deasription at deBance. They almost all agrM 
buwever, yihen cat transversetj, in presenting Hat elliptiral 
area as their sectional lines,— in having annpperinrfa<«oani- 
paraliiel; smoeth, and an under surface nearly parallel to it 
thickly corrugated, — snd in being all coated with a greasy bhin, 
ing ctay, of a deeper red than the snrronndiag stone. 1 «u 
perhaps rather more confident of their organic oharaderaftet 
I had examined a few merely detached specimens, than now 
that 1 have seen s doien of them together. It seenm at leiM 
a uircumstance to awaken doubt, that though Ibey oi'cur in 
variousposltionaon the slab,— some extending across it, tarns 
lying diagonally, some running lengthwise,— the oormsationl 
of their under suifaees should mn lengthwise in all,^ — fur- 
rowing them in every possible angle, and giving cridonce. not 
apparently to tbe inflaenres of an organic law internal to 
but of the operation ofsoice estemal cause acHnifon the 
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mth some probability," says the Professor, " to an 
extinct species of the genus Acdpenser* The depo- 
sit too abounds in teeth, yarious enough in their forms 

* May I craye the attention of the reader to a brief state- 
ment of fact 1 I haye said that Professor Fleming, when he 
minutely described the scales of the Holoptychitu^ hazarded 
DO coDJectore regarding the generic character of the creature 
to which they had belonged ; he merely introduced them to 
the notice of the public as the scales of some *' yertebrated 
uiimal, probably those of a fish." I now state that he de- 
SOTibed the scales of a cotemporary ichthyolite as bearing in 
external appearance a ^ close resemblance to some of the 
icales of the common sturgeon." It has been asserted, that it 
was the scales of the Holoptyckius which he thus described, 
"referring them to an extinct species of the genus Acdpenser;''^ 
ftod the assertion has been ext tsiyely credited, and by some 
of our highest geological authorities. Agassiz himself, eyi- 
dently in the belief that the Profe^dor had fallen into a palp- 
able error, deems it necessary to proye that the Holoptyckius 
eould haye borne *' no relation to the Accipenser or sturgeon." 
Mr Murchison, in his Silurian System, refers also to the sup- 
posed mistake. The person with whom the misunderstanding 
seems to haye originated is the Rey. Dr Anderson of New- 
burgh. About a twelvemonth after the discovery of Professor 
Fleming in the sandstones of Drumdryan, a similar discovery 
was made in the sandstones of Clashbennie by a geologist of 
Perth, who, on submitting his new-found scales to Dr Ander- 
son, concluded, with the Doctor, that they could not be other 
than oyster shells; though, eventually, on becoming acqaaint- 
sd with the decision of Professor Fleming regarding them, 
both gentlemen were content to alter their opinion, and to 
regard them as scales. The Professor, in his paper on the 
Did Red Sandstone, in Cheches Journal^ referred incident- 
ally to the oyster shells of Clashbennie,— a somewhat delicate 
subject of allusion ; and in Dr Anderson's paper on the same 
formation, which appeared about seven years after, in the 
New Journal of Professor Jameson, the geological world 
was told for the first time, that Professor Fleming had de- 
scribed a scale of Clashbennie similar to those of Drumdryan, 

M 
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lo indicate a corresponding Tariely of families nnil 
genera aiDong the ichlhyolites to which thej belonged. 
Some arc nearly straight, like those of the Megalicht 

i. r. those of the Haloptfchius, m bearing » " cIdm r 
blonc? to some of the scales on the comiRCr 
probably referrible to some " extinet Epecieg of ths genns Ap- 
cipenner." Now, Professor Fleming, inatead of glsting thai 
the scaler were at all similar, had stated ver; pointedlf that 
they were entirely diftereat ; and not ooly had be deicrited 
them as different, bnt he bad aleo^fiu red them as different, 
and had placed the figures side by side, that the differenn 
might be the better seen. Totbepaperof the Professor, which 
contatued this statement, and U) which these figarea were at- 
ttubed , Dr Andenion referred, as " read before the Wemerian 
Society ;" — he quoted from it in the Professor's wordsv— he 
drew some of the more important fiurts of his own paper fron 
it, — in his late Essay on the Geology of Fife he has arsiied 
himseif of it still more lar^iy, though with no aoknowledf- 
Dient,—it has eonstitnted, in short, by &r the most valaablei/ 
all his discoveries in connection with the Old Red Sandstone, 
and apparently the most minutely examined ; and yet so com- 
pletely did be fail to detect Professor Fleming's earefblly- 
drawn distinction between the scales of the Hoiaplsuhiui and 
tlirise of its cotemporary, that when Agassii, misled appa- 
rently b; the Doctor's own statement, had set himself to show 
that the scaly giant of the formation oonid hare been no stur- 
geon, tbe Doctor had the passage in which tbe naturalist es- 
tablished tbe fact transferred Into a Fife newspaper, with, of 
coarse, the laudable intention of preventing the Fife pnblie 
from falling into the abturd atUlake of Professor Fleming. 
There seems to be something rather ineEpiicBble in all this; 
but there can be little doubt Dr Anderson could satisfactorilj 
explain tbe whole matter without once referring to the oyftrr 
aheUt of Clasbbenuia- It is improbable that he could bati> 
wished or intended to injure the reputation of a gentleman U 
whose freelj-imparted instructions he is indebted for hymDcfi 
the greater portion of bis geological sUU, — whose remarks, 
written an*d spoken, he has EoeKtansirely appropriated in 
xereral papers and essays,— and wbose character is kaowB b 
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thys of the CoaJ Measures ; some are bent, like the 
beak of a hawk or eagle, into a hook-form ; some in- 
cline first in one direction and then in the opposite 

beyond the limits of his country, for untiring research, philo- 
sophic discrimination, and all the qualities which constitute a 
naturalist of the highest order. Dr Johnston of Berwick, in 
his History of British Zoophites (a work of an eminently scien- 
tific character), justly ^ ascribes to the labours and writings" 
of Professor Fleming ^ no small share in diffusing that taste 
for Natural History which is now abroad." And as an inte- 
resting corroboration of the fact I may state, that Dr Malcolm- 
son of Madras lately found an elegant Italian translation of 
Fleming's Philosophy of Zoology high in repute among the elite 
of Rome. Lest it should be supposed I do Dr Anderson injus- 
tice in these remarks, I subjoin the grounds of them in the 
following extracts from Professor Fleming's paper in CheeVs 
Journal^ and from the paper in Jameson's New Edinburgh 
Jowmal^ in which the Doctor purports to give a digest of the 
former, without once referring, howeyer, to the periodical in 
which it is to be found. 

•* In the summer of 1827," says Dr Fleming, " I obtained 
from Drumdryan quarry, to the south of Cupar, situate in the 
higher strata of yellow sandstone, certain organisms, which I 
readily referred to the scales of vertebrated animals, probably 
those of a fish. The largest (see Plate II. fig. 1, * figure of a 
tetUe of the Holoptyohius') was one inch and one-tenth in length, 
about one inch and two-tenths in breadth, and not exceeding 
the fiftieth of an inch in thickness. The part which, when in 
its natural position, had been imbedded in the cuticle, is com- 
paratively smooth, exhibiting, however, in a very distinct 
manner the semicircularly-parallel layers of growth, with ob- 
solete diverging striae, giving to the surface, when under a 
lens, a reticulated aspect. The part naturally exposed is 
marked with longitudinal, waved, rounded, anastomosing 
ridges, which are smooth and glossy. The whole of the inside 
of the scale is smooth, though exhibiting with tolerable dis- 
tinctness the layers of growth. The form and structure of the 
object indicated plainly enough that it had been a scale, a con- 
clusion confirmed by the detection of the phosphate of lime in 



nar, like nails thai hate )ieen drawn out of a hoard 
by ilie carpenter at two §everal WTenchos, and bent in 
nppoiiibe anj^les at eax;lt wrench ; some ate bulky anii 

iu CDmpogition. At thia period I iniertedft abort notice of the 
McnircDce of these Males in onr provincist newapaper, tlte 
F{fe Herald,{ei the pnrp'»< of attracting the attention of the 
mirkmen and others in the neigh banrhood, in order to mnire 
llie preterration of any other gpecimens which might occur. 

" Nearl; a year after tbeee scales had been discovered, not 
onl; in the upper, but ereu in some of the lower b«d« of the 
Yellow Sandstone, I wok informed that ogtlrr ihelU bad been 
round iu a quarry, in the Old Red Sandstone, at ClaihbeDcie, 
near ICrroI, in Perthshire, and that specimens wera in the fot- 
Bessiun of a gentleman in Perth. Interested in the intelli' 
gence, I lost no time in visiting Perth, and was gratified to 
God that the suppoaad oyster shells were in fact similar to 
those which 1 hod ascertained to occur in a higher part of the 
series. The scales were, however, of a larger size, name of 
them exceeding three inches in length and one-eighth of as 
ihch in thickness. Upon mj visit to the quarry I found the 
scales, as in the Yellow Sandstone, most abundant in Ihon 
ports of the rock which exhibited a brecoiated aspect. Many 
patches a foot in length, fnll of scales, hare occurred ; hut as 
yet no entire impression of a fish has hvea obtained. 

" Another scale, niPFEauKO fbom thobb ilueadt nonrll> 
(see Plato II. fig. 3, 'j^ure o/on ohloi^ tubenalaled plait 
Irarerted diaffonatlg by Unci, loAieA, iitecling ont aaolliora 
Utile atove the cenlTS, reaemblet a St Aadrrtii'i mDM, omJ 
maTktd on the edget by faintlg radiating linn' J, is about M 
inch and a quarter in length and an inch in breadth. Ib i 
temal appeoraace it hears a very close resemblance to 
of the scales on the common iturgeou, and may, with: 
prohability, be referred to an extinct species of the 
-l«-tp*Bifr." fCAeik'i EdiiU-urgh Journal, Feb. lUSi, p. 

*■ tit Fleming iu 1030," says Dr Anderson, " read before 111* 
Wernarias Society a notice ' on the occurrence of scaln uF 
Tvrlrbratod animals Jn the Old Red Sandstone of Fifeshire.' 
1'h«H orsaniHuu, as described bj him, occurred In the Yell»i> 
.>u>d*to«i« of Drumdryau and tha Gray Sandstone of ParUtilL 
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iquat, some long and slender; and in almost all 
;lie yarieties, whether curved or straight, squat or 
Jim, the base is elegantly striated like the flutings of 
i colunm. In the splendid specimen found in the 
;andstones of the Findhom, the tooth is still attached 
;o a portion of the jaw, and shows, from the nature of 
;he attachment, that the creature to which it belonged 
must have been a true fish, not a reptile. The same 
peculiarity is observed in two other very fine speci- 
mens in the collection of Mr Patrick Duff of Elgin. 
Both in saurians and in toothed cetacese, such as the 
porpoise, the teeth are inserted in sockets. In the 
ichthyolites of this formation, so far as these are illus- 
trated by its better specimens, the teeth, as in exist- 
ing fish, are merely placed flat upon the jaw, or in 
shallow pits, which seem almost to indicate that the 
contrivance of sockets might be afterwards resortetl 
to. Inmiediately over the sandstone and conglome- 
rate belt in which these organisms occur there rests, 
as has been said, a band of limestone, and over the 
limestone a thick bed of yellow sandstone, in which 
the system terminates, and which is overlaid in turn 
by the lower beds of the carboniferous group. 

The limestone band is imfossiliferous, and, resem- 
bling in mineralogical character the Comstones of 

From the former locality scales of a fish were obtained. * * 
The same paper (Professor Fleming's) contains a notice of 
SIMILAR SCALES in the Old Red Sandstone of Clashbennie, near 
Enrol, in Perthshire, one of which is described as bearing ' a 
very close resemblance to some of the scales on the common 
sturgeon, and may with some probability be referred to an 
extinct species of the genus Accipenser* " (Prof, Jameson's 
Edin, New Phil, Journal, Oct. 1837, p. 138. 
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EnglaDil ami Wales, it has been describecl ; 
Comstone of S<?otland ; but the fact merely fi 
one illuatration of many, of the inadequscj of a 
ntlogical nomenclature for the purposes of the geoln- 
gist. In the neighbouiiiood of Cromarty the lower 
formation abounds in beds of nodular limestone, iden- 
tical in appearance witli the Comstone; — in Englaaf^ 
similar beds occur so abundantly in the middle fM^s^l 
mation that it derives its name from them ; — in Fifr M 
ihey occur in the upper formation exclusively. Thus 
the formation of the Coeeoite/a and Dipterug is a 
Comstone formation in the first locality ; that of the 
CephaltupU and the gigantic lobster in the second ; 
that of the Holoplye/iiiu ^obiliinmita in the third. 
We have but to vary our field of observation to find 
all the formations of the system Comtttmef. 
in turn. The limestone hand of the upper i 
ber presents exactly similar appearances in Moray's 
in Fife. It is in both of a yellowish-green o 
colour, and a concretionary stnicture, consisting ■ 
softer and harder portions, that yield so unequallyfl 
the weather, as to exhibit in exposi'd clitR and bouM^ 
ers a brecciated aspect, as if it had been a mechani- 
cal, not a chemical deposit ; though its origin must 
unquestionably have been chemical. It contains mi- 
nute crystals of galena, and abounds in musses of n 
chertv, siliceous substance, that strike fire with steel, 
mid which, from the manner in which ihcy are ij 
ponited with the rock, show that they must hhvv hi 
fr)rmtMl along with it. From this circumstance, t 
from ttic genernl resemblance it bears to the depo 
of the thermal waters of volcanic districts which p 
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cipitate siliceous mixed with calcareous matter, it has 
been suggested, and by no mean authority, that it 
must have derived its origin from hot springs. The 
bed is seyeral yards in thickness ; and as it appears 
both in Moray and in Fife, in localities at least a 
hundred and twenty miles apart, it must have been 
formed, if formed at all in this manner, at a period 
when the volcanic agencies were in a state of activity 
at no great distance from the surface. 

The upper belt of yellow stone, the terminal layer 
of the pyramid, is fossiliferous both in Moray and 
Fife, — ^more richly so in the latter county than even 
the conglomerate belt that underlies it, and its organ- 
isms are better preserved. It was in this upper layer, 
in Drumdryan quarry, to the south of Cupar, that 
Professor Fleming found the first-discovered scales of 
the HoloptychitM, At Dura Den, in the same neigh* 
bourhood, a singularly rich deposit of animal remains 
was laid open a few years ago by some workmen, 
when employed in excavating a water-course for a 
milL The organisms lay crowded together, a single 
dab containing no fewer than thirty specimens, and 
all in a singularly perfect state of preservation. The 
whole space excavated did not exceed forty square 
yards in extent, and yet in these forty yards there 
were found several genera of fishes new to Geology, 
and not yet figured nor described, — a conclusive proof 
in itself that we have still very much to learn regarding 
the fossils of the Old Red Sandstone. By much the 
greater portion of the remains disinterred on this oc- 
casion were preserved by a lady in the neighbourhood, 
and the news of the discovery spreading over the dis- 
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. :aif £iv-. Dt Amiaaam cf Xewliaigh was fortu- 
moMj Ii^ 2> JiaM w ^a ihexm aaew in her possession, 
rite oiiMC ,aavmkm£ m^utKm of the gnmp was a va- 
r:tfrr IT p!L<rii.':a(£3ML — i^ sadt species of this rery cu- 
TjtiB if^izn&suv^acttiunNi in the Old Red Sandstones 
if Stjobzil: Jini a» die Doctor had been lucky enough 
u ind -rac ?ir iliaiwlf soaie jeois before, that the 
icau» si ae Aa i # f rfju it«r weie OTSt^'-shells, he now 
jisimrsimiAL. wick <^Bat as htile assistance £rom with- 
/ac •fiitc :aK^ P^gridikmiamsi hare been sorelj a huge 
V^ftirf. JL» ;& Wede;. thoefore; he fignied and de- 
icn'n^i iu in tsie p agm of a Glasgow topographical 
7il~7Ux.-:lzi jo^ FySf liimtirmttd. Tme, the characteristic 
:;i7:r:& w^fr^ vaosB^, and some six or seren tubercu- 
iiOfc 7tiL:;^> inc^ctnnied in their room ; nor could the 
jra^c wi^ ^ hk skilL supply the creature with more 
ritsMT r^nj' >^: bcr ingenuity did much for it not- 
» ■::isciZL«.iiz:c : izd by lengthening the snout, insect- 
1: C:?. rz^ro a rvizLr. — ry projecting an eye, insect-like, on 
^*ij»: iiad ^ly^sCchvHisly grown into a head, — ^by round- 
:r:C -i^';' xdr^ iifisect-like, until it exactly resembled 
tijt: :r :1^- -iirge "* twilight shanL" — by exaggerating 
iJi-c luVc rv'*ileri seen in profile on the paddles until 
rkcy >;.r«vh^*d out, insect-like, into bristles, — and by 
vr*r:r^I*v sinkir.^ the taiL which was not insect-like, 
,uid rVr waioh no pos?sible use could be discovered at 
;I\o :i:ue, — che IXx^ror succeeded in making the Ptsr- 
*'.ir.ivif ot Dura Pen a very respectable beetle indeed. 
In ;i ia:er publication, an Essay on the Geology of 
KitVsiiirw >^hich appeared in September last in the 
(j^5#.i>\vr/jy JoifrNai of Atfriculture^ he states, after re- 
ferring to his former description, that among the higher 
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geological authorities some were disposed to regard 
the creature as an extinct crustaceous animal, and 
some as belonging to a tribe closely allied to the Che- 
lonia, Agassiz, as the writer of these chapters ven- 
tured some months ago to predict, has since pronoimced 
it a fish, — a Pterichthys specifically different from the 
five varieties of this ichthyolite which occur in the 
lower formation of the system, but generically the 
same. I very lately enjoyed the pleasure of examin- 
ing the honajide ichthyolite itself, — one of the speci- 
mens of Dura Den, and apparently one of the more 
entire, in the collection of Professor Fleming. Its 
character as a Pterichthys I found very obvious ; but 
neither the Professor nor myself were ingenious enough 
to discover in it any trace of the beetle of Dr Ander- 
son. 

Is it not interesting to find this very curious genus 
in both the lowest and highest fossiliferous beds of 
the system, and constituting, like the Trilohite genus 
of the Silurian group, itfe most characteristic organ- 
isms ? The Trilohite has a wide geological range, ex- 
tending from the upper Cambrian rocks to the upper 
Coal Measures. But though the range of the genus 
is wide, that of every individual species of which it 
consists is very limited. The Trilohites of the upper 
Coal Measures differ from those of the Mountain 
Limestone, these again from the Trilohites of the up- 
per Silurian strata, these yet again from the Trilohites 
of the underlying middle beds, and these from the Tri- 
lohites that occur in the base of the system. Like the 
coins and medals of the antiquary, each represents its 
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ownlimiteil period, and the whole taken togetlieryieM 
a consecutiTe record. But while we find tliem merelj 
scattered over the lalerformaticms in which they occur, 
and that very sparingly, in the Silurian System we 
find them congregated in such vast crowds, that their 
remains enter largely into the composition of many of 
the rocks which compose it. The Trilolite is ihe 
distinguishing organism of the group, marrying, if I 
may so express myself,- its upper and lower beds ; and 
what the Trilohite is to the Silurian formations, the 
Pteriektkyt seems to be to the formations of the Old 
Red Sandstone, — with this difference, that, so iar as 
is yet known, it is restricted to this system alone, oc- 
curring in neither the Silurian System below, nor in 
the Coal Measures above. 

I am but imperfectly acquiunted with the locaUtiej 
In which the upper beds of the Old Red Sandstone 
underlie the lower beds of the Coal Measures, or where 
any gradation of charaoCer appears. The upper yel- 
low sandstone belt is extensively developed in Morav, 
but it contains no trace of carbonaceous matter in even 
its higher strata, and no other remains than those of 
the Holoptffchiug and its cotemporaries. The system 
in the north of Scotland differs as much from the car- 
boniferous group in its upper as in its lower rocks ; 
and a similar difference has been remarked in Fife. 
where the groupes appear in contact a few miles to 
the west of St Andrews. In England, in repeated 
instance.s, the junction, as shown by Mr Murehison. 
in singularly instructive sections, is well miirked, llir 
carhoniferous limestones resting confonnably on t 
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Upper Old Red Sandstone. No other system inter- 
posed between them ; and it is corroborative of the 
fact, that in Russia, scales of the Megalichthys^ a fish 
of the Coal Measures, were found by Mr Murchison 
in an upper bed of the Old Red Sandstone, mingled 
with those of the Holoptychitu ; and that in Burdie- 
house, — a lower bed of the Coal Measures, — scales of 
the HoloptychiiLs have been found mingled with those 
of the Megcdichthys, Both ichthyolites cross, as it 
were, the borders of their respective formations ; the 
one witnessed the closing tv^light of the more ancient 
system, the other the dawn of the system which suc- 
ceeded it. They were cotemporaries for a time, some- 
what in the manner that Shem was cotemporary with 
Isaac. 

There is a Rabbinical tradition that the sons of Tu- 
bal Cain, taught by a prophet of the coming deluge, 
and unwilling that their father s arts should be lost in 
it to posterity, erected two obelisks of brass, on which 
they inscribed a record of his discoveries, and that 
thus the learning of the family survived the cataclysm. 
The flood subsided, and the obelisks, sculptured from 
pinacle to base, were found fast fixed in the rock. 
Now the twin pyramids of the Old Red Sandstone, with 
their party-coloured bars and their thickly-crowded 
inscriptions, belong to a period immensely more re- 
mote than that of the columns of the antediluvians, 
and they bear a more certain record. I have, perhaps, 
dwelt too long on their various compartments ; but the 
Artist by whom they have been erected, and who has 
preserved in them so wonderful a chronicle of his earlier 
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works, has willed surely tliat they should be read, and 
I hare perused but a small portion of the whole. 
Years must pass ere the entire record can be deciph- 
ered ; but of all its curiouslj-inscribed sentences the 
result ¥rill prore the same, — they will be all found to 
lestifv of the Infinite Mind. 
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CHAPTER X. 



Speculations in the Old Red Sandstone, and their Character.-^ 
George, first Earl of Cromarty. — His Sagacity as a Natu- 
ralist at fault in one instance. — Sets himself to dig for 
Coal in the Lower Old Red Sandstone.—Discovers a fine 
Artesian Well. — Value of Greological Knowledge in an eco- 
nomic yiew. — Scarce a Secondary Formation in the King- 
dom in which Coal has not been sought for. — Mineral Springs 
of the Old Red Sandstone.— Strathpeffer.— Its Peculiarities 
whence derived.--Chalybeate Springs of Easter Ross and 
the Black Isle.— Petrifying Springs.— Building-Stone and 
Lime of the Old Red Sandstone.— Its various Soils. 



There has been much money lost, and a good deal 
won, in speculations connected with the Old Red Sand- 
stone. The speculations in which money has been 
won have consorted, if I may so speak, with the cha- 
racter of the system, and those in which money has 
been lost have not. Instead, however, of producing 
a formal chapter on the economic uses to whicli its 
varioiLS deposits have been applied, or the imfortimate 
undertakings which an acquaintance with its geology 
would have prevented, I shall throw together, as they 
occur to me, a few simple facts illustrative of both. 

George, first Earl of Cromarty, seems, like his name- 
sake and cotemporary, the too celebrated Sir George 
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M'Keone of Roseavocb, to have been a man of an 
i-niiuentl; actire and inquiring mind. lie found lei' 
suK. ia the course of a very busy life, to write si 
Iiistorical diasectadous of great reseiirch, and a 
elaborate Synop»U Apoeali/jitiea. lie is the ai 
loo, of an exceedingly curious letter on the " S 
Sight." addressed to the philosophic Boyle, yn\a 
coiitaius a large amount of amusing and extraordin 
fact ; and bis description of the formation of a 
mo% in the central Highlands of Ross-sbire bas b 
quoted by almost every naturalist who, since the dayal 
the sagacious nobleman, has written on the formatiutaj 
peat. His life was estended to extreme old age ; tmd 
as his liCerary ardour remained undiminished till tlic 
last, some of liis writings were produced at a period 
when most other men are sunk in the incurious indif- 
ferency and languor of old age. And among these 
later productions are his remarks on peat. He relates, 
thai when a very young man, he had marked, in pass- 
ing on a journey through tlie central Highlands of 
Boss-shire, a wood of very ancient trees, — doddered 
and moss-groivn, and evidently passing into a 
death through the last stages of decay. He had b 
led by business into the same district many years ad 
when in middle l)f& and ibund that the v 
entirely disappeared, and that the heathy hollow w 
it had oovereil was now occupied liv a green a 
nont morass, unvaried in its tame and level e 
either bush or tri'c. In his old age, he again v 
tlie loeiility, and saw the green suri'iice roughcnrd w 
dingy-(K)loured hollows, and several Highlandtir 
gaged in it in cutting peat in a stratum atrreml fed 
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depth. What he had once seen an aged forest had 
now become an extensive peat-moss. 

Some time towards the close of the seventeenth cen- 
tury he purchased the lands of Cromarty, where his 
turn for minute observation seems to have anticipated, 
little, however, to his own profit, some of the later 
geological discoveries. There is a deep wooded ravine 
in the neighbourhood of the town, traversed by a small 
stream, which has laid bare, for the space of about 
forty yards in the opening of the hollow, the gray 
sandstone and stratified clays of the inferior fish bed. 
The locality is rather poor in ichthyolites, though I 
have found in it, after minute search, a few scales of 
the Oateolepis^ and on one occasion one of the better 
marked plates of the Coccostetof ; but in the vegetable 
impressions peculiar to the formation it is very abun- 
dant. These are invariably carbonaceous, and are 
not unfirequently associated with minute patches of 
bitumen, which in the harder specimens present a 
coal-like appearance ; and the vegetable impressions 
and the bitumen seem to have misled the sagacious 
nobleman into the belief that coal might be found on 
his new property. He accordingly brought miners 
from the south, and set them to bore for coal in the 
gorge of the ravine. Though there was probably a 
register kept of the various strata through which they 
passed, it must have long since been lost ; but from 
my acquaintance with this portion of the formation, 
as shown in the neighbouring sections, where it lies 
uptilted against the granite gneiss of the Sutors, I 
think I could pretty nearly restore it. They would 
first have had to pass for about thirty feet through 
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tlie stratified clays and shalea of the ichthyolite bed, 
with hurc and there a tliin band of gray sandslnnc, 
and here and there a stratum of Itme ; lliey would 
iiRxt have bad to penetrate through irom eighty to a 
hundred feet of coarse red flud yellow Kandstoae, — the 
red greatly predoniiDating. They would then havD 
entered the great conglomerate, the lowest member of 
the formation ; and in time, if tbey continued to ni;°;c 
their fruitless laboura, they would arrive at the primaiy 
rock, with its belts of granite, and its reins and huge 
masses of hornblende. In short, there might be some 
possibility of their penetrating to the central fire, but 
none whatey^ of their ever reaching a vein of coal. 
From a curious circimiBtance, however, tbey were pre- 
vented fi'om ascertaining, hy actual esperience, the 
utter barrenness of the Ibrmatiau. ^H 

Directly in the goi^e of the ravine, where we <t^| 
see the partially- wooded banks receding aa they 4^1 
eend from tbe base to the centre, and then belljri^ 
over fcoTH tbe centre to tbe summit, there is a fine 
chalybeate spring, surmounted by a dome of hewn 
stone. It was discovered by tbe minere, when in 
ijucst of the mineral which they did not and could 
not discover, and fbnns one of tbe finest speciinen« 
of a true Artesian well which I bave anywhere Been. 
They had bored to a considei-ablc depth, when, aa 
withdrawing the kind of augre used for the purpose, 
a bolt of water, wbich occupied tbe whole diameter 
of the bore, came rushing after like the jet of a foun- 
tain, and the work was prosecuted no further ; for, 08 
steam-engineK were not yet invented, no pit could have 
been wrought with so large a stream issuing into ii; 
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and as the yoliime was evidentlj restricted by the sizt* 
of the bore, it was impossible to say how much greater 
a stream the source might have supplied. The spring 
still continues to flow towards the sea between its 
double row of cresses, at the rate of about a hogshead 
per minute, — a rate considerably diminished, it is said, 
from its earlier volume, by some obstruction in the 
bore. The waters are not strongly tinctured, — a con- 
sequence, perhaps, of their great abundance ; but we 
may see every pebble and stalk in their course enve- 
li^d by a ferruginous coagulum, resembling burnt 
sienna, that has probably been disengaged from the 
dark red sandstone below, which is known to owe its 
colour to the oxide of iron. A Greek poet would pro- 
bably have described the incident as the birth of the 
Naiad ; in the north, however, which in an earlier 
age had also its Naiads, though, like the fish of the 
Old Red Sandstone, they have long since become ex- 
tinct, the recollection of it is merely preserved by tra- 
dition, as a curious, though by no means poetical fact, 
and by the name of the well, which is still known as 
the well of the coal-heugh^ — the old Scotch name for 
a coal-pit. Calderwood tells us, in his description of 
a violent tempest which burst out immediately as his 
persecutor James VI. breathed his last, that in the 
south of Scotland the sea rose high upon the land, 
and that many " coal-hm>ghs were drowned." 

There is no science whose value can be adequately 
estimated by economists and utilitarians of the lower 
order. Its true quantities cannot be represented by 
arithmetical figures or monetary tables ; for its effects 
on mind must be as surely taken into account as its 

■ N 
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opernlious on matter, am! what it has accomplislied 
for the hunuLii iulellect, as certainly aa what it has 
dona for the comforlB of society or the interests of 
eommeree. Who can attach a marketable value fo 
the diBCOTcries of N* wton ? I need hardly refer to 
the often-quoted remark of Johnson : the beauty of 
(he language in which it is couched has rendered pa- 
tent to all the truth which it conveys. "■ Whale»er 
mthdraws us from the power of the Benses," says the 
moraliat, — " whateTer makes the past, the disttuit, or 
the future, predominate over the present, — advances 
us in the dignity of thinking beings." And Oeologv, 
in a peculiar manner, supplies to the intellect an exer- 
cise of this etmobling character. But it has also its 
cash value. The time and money squandered in 
Great Britain alone in searching for coal in districts 
where the well-informed geologist could have at once 
pronounced the search hopeless, would much more 
than cover tlie expense at which geological rest^ircb 
has been prosecuted throughout the world. Ther*- 
are few districts in Britain occupied by the secondary 
deposits, in which at one time or another the altenipl 
lias not been miide. It has been the occasion of 
enonnous expenditure in the south of England among 
the newer formations, where the coal, if it at etll rn 
(for we occasionally meet with wide gaps in the 
must he buried at an inapproachable depth. 
in Scotland, — in the northern county of Sutherland^ 
to an unprofitable working for many years of a 81 
phurous lignite of the inferior Oolite, far above H 
true ConI Measures. The attempt I hare just 1 
dcBcrihiug was made in a locality us lar beneath tl 



THE OLD RED SANDSTONE. 219 

liere is the scene of another and more modem at- 
;mpt in the same district on the shores of the Moray 
'rith, in a detached patch of Lias, where a fossilized 
rood would no doubt be found in considerable abun- 
ance, but no continuous Tein even of lignite. And 
; is related by Dr Anderson of Newburgh, that a 
-uitless and expensive search after coal has lately 
een instituted in the Old Red Sandstone beds which 
rayerse Stratheam and the Carse of Gowrie, in the 
elief that they belong not to the Old, but to the 
Vew Red Sandstone, — a formation which has been 
aocessfiiUy perforated in prosecuting a similar search 
1 various parts of England. All these instances — 
nd there are hundreds such — show the economic im- 
ortance of the study of fossils. The Oolite has its 
eins of apparent coal on the coast of Yorkshire, and 
\s still more amply developed veins — one of them 
learly four feet in thickness — on the eastern coast of 
(Utherlandshire ; the Lias has its coniferous fossils in 
reat abundance, some of them converted into a lig- 
ite which can scarce be distinguished from a true 
oal ; and the bituminous masses of the Lower Old 
ted, and its carbonaceous markings, appear identical, 
an unpractised eye, with the impressions on the 
arboniferous sandstones, and the bituminous masses 
/hich they, too, are occasionally found to enclose, 
"(or does the mineralogical character of its middle 
>eds differ in many cases from that of the lower mem- 
»ers of the New Red Sandstone. I have seen the 
Ider rock in the north of Scotland as strongly salifer- 
>us as any of the newer sandstones, — of well nigh as 
>right a brick-red tint, — of as friable and mouldering 
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a tostnre, — and vari^^ted as thickly with its speckn 
and streaks of green and liuff-colour. But in all these 
inebmces there are strongly characterized groupea uf 
fossils, which, like Ihc landmarks of the navigator, or 
the findings of his quadrant, establish the true jilacR 
iif the formations to which they belong. Like ihe 
]iiitches of leather, of scarlet, and of blue, which mark 
[be hue attached t« the <leep-setk lead, they show the 
various depths at which we arrive. The Earls of 
Sutherland set themselves to establish a coal-work 
among the chambered univalves of the Oolite, and a 
I'iut abundance of its peculiar bivalves. The coal- 
iiorpra who peribrated the Lias near Cromarty passed 
evvry day to and from their work over one of fhi' 
richest deposils of animal remains in the kingdom, — 
a deposit full of the most characteristic fossils ; and 
drove their augre through a thousand belemnites and 
JtmmoniCes of the upper and inferior Lias, and through 
grvphites and iclilhyodorulites innumerable. The 
sandstones of Stratheam and the Carse of Oowrie 
yield their plates and scales of the Holoptt/ehiat, the 
most abuitdant fossil of the Upper Old tt«d ; and the 
shale of the little dell in which the first Earl of Cro- 
marty set his miners to work, contains, as I have said, 
plates of the Coceotteua and scales of the Oiftfvtdpitf^' 
fossils found only in the Lower Did Red. 
in all these localities furnished the index, hut 
lacked the skill necessary to decipher it." I may 

• There occnre in Mr Mnrchison'a Silurian S^ttem m sitien- 
Uily^ainusiD^ account of una af t]ie muHt uiifartunnle uf «ll 
Ciial-biirin^ unterpriiea; the aoluckf projeotor, ■ Wvlsh (u- 

«r, liAving Mt himself to dig for ooil in the lawast n'rabur 
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lendon that, independently of their well-marked or- 
anisms, there is a simple test through which the 
ignites of the newer formations may he distinguished 

f the system, at least six formations beneath the only one at 
rhich the object of his search could have been found. Mr 
iarchison thus relates the story : — 

" At Tin-y-coed I found a credulous farmer ruining himself 
Q excavating a horizontal gallery in search of coal, an igno- 
ant miner being his engineer. The case may serve as a strik- 
Dg example of the coal-boring mania in districts which can- 
lot by possibility contain that mineral ; and a few words con^ 
erning it may, therefore, prove a salutary warning to those 
^ho speculate for coal in the Silurian Rocks. The farm-house 
>f Tin-y-coed is situated on the sloping sides of a hill of trap, 
vhich throw off, upon its north-western flank, thin beds of black 
;rauwacke shale, dipping to the west-north-west at a high angle. 
The colour of the shale, and of the water that flowed down its 
lides, the pyritous veins, and other vulgar symptoms of coal- 
)earing strata, had long convinced the farmer that he pos*- 
iessed a large hidden mass of coal, and unfortunately, a small 
fragment of real anthracite was discovered, which burnt like 
:he best coal. Miners were sent for, and operations commen- 
ced. To sink a shaft was impracticable, both from the want 
}f means and the large volume of water. A slightly-inclined 
jallery was therefore commenced, the mouth of which was 
opened at the bottom of the hill, on the side of the little brook 
whk;h waters the dell. I have already stated, that in many 
cases, where the intrusive trap throws off the shale, the latter 
preserves its natural and unaltered condition to within a 
certain distance of the trap ; and so it was at Tin-y-coed, for 
the level proceeded for 155 feet with little or no obstacle. 
Mounds of soft black shale attested the rapid progress of 
the adventurers, when suddenly they came to a ' change of 
metal.' They were now approaching the nucleus of the little 
ridge ; and the rock they encountered was, as the men inform- 
ed me, * as hard as iron^ viz. of lydianized schist, precisely 
analogous to that which is exposed naturally in ravines where 
all the phenomena are laid bare. The deluded people, how- 
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from tlie true coal of the carboniferous system. Coal, 
though ground into an impalpable powder, retaius its 
deep black colour, and may he used as a black pigment ; 
lignite, on the contrary, when fiilly leyigated, assumes 
a reddish, or rather umbry hue. 

I have said that the walera of the well of the coal- 
heugh are chalybeate, — a probable consequence of their 
infliltration through the iron oxides of the superior 
beds of the formation, and their subsequent passage 
through the deep red strata of the inferior bed. There 
could be very curious chapters written on mineral 
spring8,in tlteir connection with the formations through 
which they pass. SmoUett's master-piece, honest old 
Matlhew Bramble, became thoroughly disgusted with 
the Bath waters on discOTering that they filtered 
through an ancient burying-ground belonging to the 
Abbey, and that much of their peculiar taste and odour 
might probably be owing to the " rotton bones and 



ever, endeavoured to penetrate tbe hardened lassi, but the 
vast expense nf blasting it pal a stop to tlie nndertoking. not, 
however, without a thorough oonvictioo on the part of lh» 
farmer, that could he but hava got through that bard stuff. h« 
would moEtsnrdy have bten wellremnipenaed.farit was just 
thereabouts that they began to find ' tmall tifiiu of eaal.' It 
has been before shown that portions of anthracite are not un- 
frequeut in the altered shale, where it is in eontact with the 
intrusive rock. And the occurrence of the smallest portion of 
anthracite is always sufficient to lead the Radnorshire farmer 
to sappose that be is very near ' El Dorado.' Amid all their 
failures I never met with an individual who wM really dis- 
heartened ; a fce(|aent exDlamation tieing, 'Oh, if our squire! 
were only men of spirit, we should have as tine ooal m any ■■ 
the world." " (Sihirian Sytlem, part i. p. 3-20.) 
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louldering carcasses*' througli which they were strain- 
d. Some of the springs of the Old Red Sandstone 
Ave also the churchyard taste, hut the hones and car- 
asses through which they strain are much older than 
hose of the Ahhey burying-ground at Bath. The 
)itumen of the strongly impregnated rocks and clay- 
)eds of this formation, like the bitumen of the still 
Qore strongly impregnated limestones and shales of 
he Lias, seems to have had rather an animal than 
r^etable origin. The shales of the Eathic Lias burn 
ike turf soaked in oil, and yet they hardly contain 
me per cent, of vegetable matter. In a single cubic 
nch, howeyer, I have counted about eighty molluscous 
organisms, mostly ammonites, and minute striated 
scallops ;' and the mass, when struck with the ham- 
mer, still yields the heavy odour of animal matter in 
a state of decay. The lower fish beds of the Old 
Red are, in some localities, scarcely less bituminous. 
The fossil scales and plates which they enclose bum 
at the candle : they contain small cavities filled with 
a strongly scented semi-fluid bitumen, as adhesive as 
tar, and as inflammable ; and for many square miles 
together the bed is composed almost exclusively of a 
dark-coloured semi-calcareous, semi-aluminous schist, 
scarcely less fetid, from the great quantity of this sub- 
stance which it contains, than the swine-stones of 
England. Its vegetable remains bear but a small 
proportion to its animal organisms; and from huge 
accumulations of these last decomposing amid tlie 
mud of a still sea, little disturbed by tempests or cur- 
rents, and then suddenly interred by some widely- 
spread catastrophe, to ferment and consolidate under 



riLst b(tls of sand ami conglnmeratc, t(te bihnr 
Mfino tD have been elaboraied. These bj 
Nckists, largely charged whh sulphuret of into, r 
tu into the interior, along the flanks of the gig« 
Ken Weris, and through the exquisite-ly pastoral v; 
of Slraihpeffer. The higher hills wliich rise o 

V formed mostly of the great conglomerale^ 
dderril, wiih its vitrified fort. — the wooded g 
ridge over Brahan, — and the rniddle el 
■ences of the gigantic moontain on the north ; but the 
hodwn and the lower slopes of the v^leynie occii])ied 
W ibe bituminoiis and suJphureoug schists of the fish 
bed, and in these, largely impn^ated wilh the pecu' 
liar ingredients of the formation, the famous medicinal 
springs of the Strath hare their rise. They contam, 
as shoirn by chemical analysis, the sulphate 
of lime, of magnesia, common salt, and, above I 
^iilpbureled hydrogen gas, — elements vvhich i 
»f sea-mud diarged with animal matter nould 3 
iis readily to the chemist as the medicinal sprin^nl 
Stralhpeffer. Is it not a curious reflection, tliat fl 
I'ommncial greatness of Britain in tlie present i 
Khonid be closely connected with the towering and 
ihickly-spread f<Hi«ts of arboraceous terns and gigan- 
tic reeds — fi^tables of slnuige form and 1 
n;kines — ivhieh flourished and decayed on its 
Jure after age dnnng the Taally-eitended tern 
carbuniferous pi^riod, ere the inount^is were 



•" In Ibe sl»tj schists of SEefeld, in tli9 Tjrol," sajs Mfli 

Seiigwivk sod Klnrchison, " tbere ig iDcli an BbundAnce dj 
~ Hilar bituraeu,that it islsrgoly extiacteJruriDediciiuUpi 
wea," rC«o/. TfOfu/ir 1829.P. 13J,) 
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eared, and when there was as yet no man to till the 
round ? Is it not a reflection equally curious, that 
fie inyadids of the present summer should be drinking 
ealth, amid the recesses of Strathpefler, from the 
till more ancient mineral and animal debris of the 
3wer ocean of the Old Red Sandstone, strangely ela- 
borated for vast but unreckoned periods in the bowels 
f the earth ? The fact may remind us of one of the 
pecifics of a now obsolete school of medicine, which 
lourished in this country about two centuries ago, 
Old which included in its materia medica portions of 
he human frame. Among these was the flesh of 
5gyptiam mummies, impregnated with the embalming 
irugs, — ^the dried muscles and sinews of human crea- 
.ures who had walked in the streets of Thebes or of 
Luxor three thousand years ago. 

The commoner mineral springs of the formation, as 
might be anticipated from the very general diflusion 
^f the oxide to which it owes its colour, are chaly- 
beate. There are districts in Easter Ross and the 
Black Isle in which the traveller scarcely sees a run- 
nel by the way-side that is not half-choked up by its 
fox-coloured coagulum of oxide. Two of the most 
strongly-impregnated chalybeates with which I am 
acquainted gush out of a sandstone-bed, a few yards 
apart, among the woods of Tarbat House, on the 
northern shore of the Frith of Cromarty. They splash 
among the pebbles with a half-gurgling, half-tinkling 
sound, in a solitary but not unpleasing recess, darken- 
ed by alders and wUlows; and their waters, after 
uniting in the same runnel, form a little melancholy- 
looking lochany matted over with weeds, and edged 
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nith flags and nislies, and wliich swurmB in early si 
mer with the young of the frog in its tadpole 
and in the after months with the black v 
and the newt. The circumstance ia a somewhat 
curious one, as the presence of iron as an oxide has 
heen held so unfavourable to both anunal and Tege- 
table life, that the supposed poverty of the Old Red 
Sandstone in fossil remains has been attributed to its 
almost universal difiiision at the period the dcpoution 
was taking place. Were the system as poor as b 
been alleged, however, it might be questioned, o 
strength of a fact such aa this, whether the iron 
tated so much against the living existences of the ttM 
mation as against the preservation of their remai 
when dead. 

Some of the springs which issue fr«m the ichlli)^ 
lite beds along the shores of the Moray Frith i 
largely charged, not with iron, like the well of 6 
coal-heugh, or the springs of Tarbat House, n 
iv'ilh hydrogen and soda, like the spa of Scrathpett 
hut with carbonate of lime. When employed ( 
domestic purposes, they choke up, in a few yeais,* 
mth a stony deposition, the spoula of tea-kettles. On 
a similar principle, they plug up their older channels, 
and then hurst out in new ones ; nor is it uncomraun 
to find among the cUfFs little hoUow recesses, long 
since divested of their watera by this process, that ars 
still thickly surrounded by coral-like petrifications of 
moss and lichens, grass and nettle stalks, and roofed 
with marblc'like stalactites. I am acquainted witli 
at least one of these springs of very conaiderable_ 
volume, and dedicated of old to an obscure Rom 
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lathoHc saint, whose name it still bears (St Bennet), 
'hich presents phenomena not xmworthy the atten- 
on of the young geologist. It comes gushing from 
at the ichthyoUte bed, where the latter extends in 
ae neighbourhood of Cromarty, along the shores of 
lie Moray Frith ; and after depositing in a stagnant 
lorass an accumulation of a grayish-coloured and 
ortially consolidated travertin, escapes by two open- 
ags to the shore, where it is absorbed among the sand 
nd gravel. A storm about three years ago swept the 
>each several feet beneath its ordinary level, and two 
Ittle moles of conglomerate and sandstone, the work 
f the spring, were found to occupy the two open- 
Dgs. Each had its fossils,— comminuted sea-shells, 
tnd stalks of hardened moss ; and in one of the moles 
'. found embedded a few of the vertebral joints of a 
iheep. It was a recent formation on a small scale, 
)ound together by a calcareous cement furnished by 
he fish-beds of the inferior Old Red Sandstone, and 
composed of sand and pebbles, mostly from the gra- 
nitic gneiss of the neighbouring hill, and organisms, 
vegetable and animal, from both the land and the sea. 
The Old Red Sandstone of Scotland has been ex- 
tensively employed for the purposes of the architect, 
md its limestones occasionally applied to those of the 
agriculturist. As might be anticipated in reference 
to a deposit so widely spread, the quality of both its 
sandstones and its lime is found to vary exceedingly 
in even the same beds when examined in different 
localities. Its inferior conglomerate, for instance, in 
the neighbourhood of Cromarty, weathers so rapidly, 
that a fence built of stones furnished by it little 
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more that half n contury ago, has mouldered ii 
pliW'ps into a mere grass-coTered mound. The s 
bed in ihe neighhourhood of Inveniesa ia composed.-fl 
n stone nearly aa hard and quite as dumble a 
and nhich liaB been employed in paving the 
ihe place, — a purpose which it Berres as well as a 
of the igneous or primary rocks could have done. < 
lledcasLle, on the northern shore of the Frith \ 
[teauly, the aame conglomerate assumes a 
diatc character, and forms, though coarse, an escel- 
lent huilding'Stone, whidi, in some of the older ruinx 
of the district, presents the marks of the tool as 
sharply indented as when under the handx of the 
workman. Some of tLe sandstone heda of the system 
are strongly saliferous ; and these, however coherent 
they may appear, never resist the weather until fiisi 
divested of their salt. The main ichthyolite bed ou 
the nortLem shore of the Aloruy Frith is overlaid by 
a thick deposit of a finely-tinted yellow s.'kndBtone uf 
this character, which, unlike most sandstones of s 
mouldering quality, resists the frosts and storms of 
vciater, and wastes only when the weather heeomen 
wann and dry. A fenr days of annahine affect il 
more than whole months of high winds and showers. 
The heat crvstallizes at the surface the salt whicbij| 
contains ; the crystals, acting as wedges, throw^ 
minute particles of the stone ; and thus, luechaitielj 
at least, the degrading process is tlie sai 
which sandstones of a dift'orent hut equally inl 
quality are exposed during severe frosts. In the a 
of years, however, tliis aandsrone, when employe 
building, losea its salt ; crust after crust is formed 
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he surface, and either forced off by the crystals un- 
lemeath, or washed away by the rains ; and then the 
tone ceases to waste, and gathers on its weathered 
nequalities a protecting mantle of lichens.* The 
nost valuable quarries in the Old Red System of 
Gotland yet discovered are the flagstone quarries of 
Caithness and Carmylie. The former have been opened 
n the middle schists of the lower or Tilestone forma- 
don of the system ; the latter, as I have had occasion 
[» remark oftener than once, in the Comstone or 
middle formation. The quarries of both Carmylie 
Emd Caithness employ hundreds of workmen, and 
their flagstones form an article of commerce. The best 
building-stone of the north of Scotland, — ^best both 
for beauty and durability, — ^is a pure Quartzose Sand- 
stone furnished by the upper beds of the system. 
These are extensively quarried in Moray, near the 
village of Brughhead, and exported to all parts of the 
kingdom. The famous obelisk of Forres, so interest- 
ing to the antiquary, — which has been described by 
some writers as formed of a species of stone unknown 
in the district, and which, according to a popular tra- 

* When left to time the process is a tedious one, and, ere 
its accomplishment, the beauty of the masonry is always in 
some degree destroyed. The following passage, from a po- 
pnlar work, points out a mode by which it raiglit possibly be 
anticipated, and the waste of surface prevented :— " A hall of 
which the walls were constantly damp, though every means 
were employed to keep them dry, was about to be pulled 
down, when M. Schmithall recommended, as a last resource, 
that the walls should be washed with sulphuric acid (vitriol). 
It was done, and the deliquescent salts being decomposed by 
acid, the walls dried, and the hall was afterwards free from 
dampness." (Recreations in Science.) 
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CHAPTER XI. 



Geological Physiognomy. — Scenery of the Primary FonoA- 
tioDs ; Gneiss, Mica Schist, Quartz Rook. — Of the Second- 
ary ; the Chalk Formations, the Oolite, the New Red Sand- 
stone, the Coal Measures.— Scenery in the Neighbourhood of 
Edinburgh. — Aspect of the Trap Rocks. — the Disturbing 
and Denuding Agencies. — Distinctive Features of the Old 
Red Sandstone.— Of the great Conglomerate. — Of the Ich- 
thyolite Beds.— the Burn of £athie.— The Upper Old Red 
Sandstones. — Scene in Moray. 



Physiognomy is no idle or doubtfiil science in 
connection with Geology. The physiognomy of a 
country indicates almost invariably its geological cha- 
racter. There is scarce a rock among the more an- 
cient groupes that does not affect its peculiar form of 
hill and valle}^ Each has its style of landscape ; and 
as the vegetation of a district depends often on the 
nature of the underlying deposits, not only are the 
main outlines regulated by the mineralogy of the for- 
mations which they define, but also in many cases the 
manner in wliich tliese outlines are filled up. Tlie 
colouring of the landscape is well nigh as intimately 
connected with its Geology as the drawing. The tm- 
veller passes through a mountainous region of gneiss. 
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lie hills, wluch, though bulky, are shapeless, raise 
heir huge backs so high over the brown dreary moors 
rhich, unvaried by precipice or ravine, stretch away 
or miles from their feet, that even amid the heats of 
oidsummer the snow gleams in streaks and patches 
rom their summits. And yet so vast is their extent 
>f base, and their tops so truncated, that they seem 
mi half-finished hills notwithstanding, — ^hills inter- 
licted somehow in the fi^rming, and the work stopped 
re the upper storeys had been added. He pursues 
lis journey, and enters a district of micaceous schist, 
rhe hills are no longer truncated or the moors un- 
>roken ; the heavy groimd-swell of the former land- 
scape has become a tempestuous sea^ agitated by power- 
\d winds and confiicting tides. The picturesque and 
somewhat &ritastic outline is composed of high sharp 
[>eaks, bold craggy domes, steep broken acclivities, and 
ieeply serrated ridges ; and the higher hills seem as 
^ set round with a jframe-work of props and buttresses, 
that stretch out on every side like the roots of an an- 
sient oak, ISe- passes on, and the landscape varies : 
^e surrounding hills, though lofty, pyramidal, and 
abrupt, are less rugged than before ; and the ravines, 
though still deep and narrow, are walled by ridges no 
longer sarated and angular, but comparatively rectili- 
near and smooth. But the vegetation is even more 
scanty than formerly ; the steeper slopes are covered 
with streams of debris, on which scarce a moss or 
lichen finds root ; and the conoidal hills, bare of soil 
from summit half-way to base, seems so many naked 
skeletons, that speak of the decay and death of nature. 
All is solitude and sterility. The territory is one of 
o 
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Q oartz Rook. Still tLe traveller passes on 
tatii-s sink into low swellings ; long rect 
niu out towards the diataiit sea, aud 
bluff precipitous head lands. The vulleys, soft and 
pastoral, widen into plains, or incline in long-drawn 
slojies of gentlest declivity. The streams, hitherto 
so headlong and hroken, linger beside their bonks, 
mill then nidt;n into friths and estuaries. The deq> 
soil is covered by a thick mantle of vegetation. — hv 
forest trees of largest growth, and rich fields of com ; 
and the solitude of the mountains has given place tu 
a Imsj population. He has left behind him the pri- 
mary regions, and entered on one of the secondary 
districls. 

Aud these less rugged forniatioDs have also their 
respective styles, — maired and obliterated often bv 
the Plutonic agency, which imparts to them in some 
instances its own character, aud in some an Iiiternie- 
diate one, but in general distinctly marked and eadly 
recognised. The Chalk presents its long inland line* 
of apparent coast, that send out their rounded head- 
lands, cape beyond cape, into the wooded 
covered plains below. Here and there, there jotSi 
at the base of the escarpment a white obel^k- 
stack ; here and there, there opens into the interior' 
narrow grassy bay, in which noble beeches have cast 
iiuchor. There are valleys without streams ; and ibe 
scene atop is a scene of iirid and uneven dotvns, llmi 
seem to riae and fall hke the sea after a stonn. IVc 
]iass on to the Oolite ; the slopes are more gentle, the 
lines (if rising ground less continuous and less coact*. 
like, tJie valleys have their rintleta, and the tuidi 



norS 



THB OLD RED SANDSTONE. 235 

ag snr&tce is covered by a richer vegetation. We 
inter on a district of New Red Sandstone. Deep 
larrow ravines intersect elevated platforms. There 
ire lines of low precipices so perpendicular and so red 
:hat they seem as if walled over with new brick ; and 
liere and there, amid the speckled and mouldering 
sandstones that gather no covering of lichen, there 
stands up a huge altar-like mass of lime, mossy and 
^y, as if it represented a remoter antiquity than the 
rocks around it. The Coal Measures present often 
the appearance of vast lakes frozen over during a 
high wind, partially broken afterwards by a sudden 
thaw, and then frozen again. Their shores stand up 
around them in the form of ridges and mountain- 
chains of the older rocks; and their surfaces are 
grooved into flat valleys and long lines of elevation. 
Take as an instance the scenery about Edinburgh. 
The Ochil Hills and the Grampians form the distant 
shores of the seeming lake or basin on the one side, 
the range of the Lammermuirs and the Pentland 
group on the other ; the space between is ridged and 
furrowed in long lines, that run in nearly the same 
direction from north-east to south-west, as if, when 
the binding frost was first setting in, the wind had 
blown from off the northern or southern shore. 

But whence these abrupt precipitous hills that stud 
the landscape, and form, in the immediate neighbour- 
hood of the city, its more striking features ? They 
belong — ^to return to the illustration of the tmce-frozen 
lake — to the middle period of thaw, when the ice 
broke up ; and, as they are comjiosed chiefly of mat- 
ter ejected from the abyss, might have characterized 



«q^ually any of the other formations. Their Terr strik- 
ing forms, howeTer, illustrate lutppily the operations 
of the great agenciee on whidi, in the Becotidaty and 
transition deposits, all the peculiiirilieg of scenery de- 
pend. The molten matter from beneath seeins to have 
been injected, in the iirst instance, through rents and 
fissures among the carboniferous shales and sandstones 
of the district, where it lay cooling in its subterranean 
matrices, in beds and. dikes, like nietiil in the moulds 
uf the founder ; and the places which it occupied mnst 
have been indicated on the eurtace but by curres and 
awellinga of the strata. The denuding power then 
eimie into operation in the form of tides and cnrrentB, 
tuid gi-ound doini the superincumbent rocks. The 
injected masses, now cooled and hardened, were Liid 
haie ; and the softer framework of the moulds in 
which ihey had been cast was washed from their 
summits and sides, except where long ridges remained 
attached to them in the lines of the current, as if lo 
indicate tlie direction in which they had broken i» 
force. Every larger stone in a water-course, after the 
torrent fed by a thunder-shower has just sub^ded, 
^hows, ou the same principle, its trail of sand and 
shingle piled up behind it. The outlines of the land- 
scape were modified yet farther by the yielding cha- 
racter of the basement of sandstone or shale on nliicb 
the Plutonic beds sooften rest. The basement crumbled 
away as the tides and waves broke ag^st it. The 
injected beds above, undermined in the proeeas, and 
ivith a vertical cleavage, induced by their columnar 
tendency, fell doM-n iu masses that left a front per 
dicular its a wall, tuch bed came thus to present M 
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)wn upright line of precipice ; and hence — when they 
rise bed above bed, as often occurs — ^the stair-like out- 
ine of hill to which the trap-rocks owe their name ; 
ience the outline of the Dalmahoy Crags, for in- 
stance, and of the southern and western front of Salis- 
bury Crags. 

In all the sedimentary formations the peculiarities 
of scenery depend on three circumstances,— on the 
Plutonic agencies, the denuding agencies, and the 
manner and proportions in which the harder and softer 
beds of the deposits on which these operated, alternate 
with one another. There is an union of the active 
and the passive in the formation of landscape ; that 
which disturbs and grinds down, and that which, ac- 
cording to its texture and composition, affects, if I 
may so speak, a peculiar style of being ground down 
and disturbed ; and it is in the passive circumstances 
that the peculiarities chiefly originate. Hence it is 
that the scenery of the Chalk differs from the scenery 
of the Oolite, and both from that of the Coal Measures. 
The Old Red Sandstone has also its peculiarities of 
prospect, which vary according to its formations, and 
the amount and character of the disturbing and de- 
nuding agencies to which these have been exposed. 
Instead, however, of crowding its various, and, in some 
instances, dissimilar features into one landscape, I shall 
introduce to the reader a few of its more striking and 
characteristic scenes, as exhibited in various localities, 
and by different deposits, beginning first with its con- 
glomerate base. 

The great antiquity of this deposit is unequivocally 
indicated by the manner in which we find it caping. 



2^8 TDE OLD RUD SANDSTOSE. ^B 

(ar in Hie interior, in insulated lieda and patches, some 
of our loftier hills, or, in some instances, ^VTappiHg 
lliem round, as ivith a cnul, trom base to summit. It 
mixes largely, in ournortUem districts, with the moun- 
tain Bcpnery of the country, and imparts strength and 
boldness of outline to every landscape in whit'h it 
occurs. Its island-like patches affect generally a hlulf 
paraholic or conical outline ; its loftier hills present 
rounded dome-like summits, which sink to the plain 
on the one hand in steep, slightly concare lines, and 
on the other in lines decidedly convex, and a little 
less steep. Tlie movmtain of boldest outline in the 
line of the Caledonian "Valley (Mealforyony), ia com- 
posed externally of this rock. Except where covered 
Ijy the diluvium, it seems little friendly to vegetation. 
Its higher summits are 'w^Il nigh as hare as those of 
the primary rocks ; and when a public road crosses 
its lower ridges, the traveller generally finds that there 
is no paving process necessary to procure a hardened 
surfitce, for that his wheels rattle over the pebbles em- 
bedded in the rock. On the sea coast, in several lo- 
calities, the deposit presents stiiking peculiarities of 
outline. The bluff and rounded precipices stand cut 
in vast masses, that affect the mural form, and present 
few of the minuter angularities of the primary rocks. 
Here imd there a square butti-ess of huge proportions 
leans against the front of some loiv-hrowed crag, that 
seems little to need any such support, and casts a 
length of shadow athwart its fece. There opens along 
the base of the rock a line of rounded shallow cares, 
or what seem rather the openings of caves not 
and wliich testify of a period when the st 
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)out thirty feet higher on our coasts than at present. 

. multitude of stacks and tabular masses lie grouped 

L front, perforated often by squat heavy arches ; and 

acks, caverns, buttresses, crags, and arches, are all alike 

lottled oyer by the thickly-set and variously-coloured 

ebbles. There is a tract of scenery of this strangely- 

larked character in the neighbourhood of Dunnottar, 

nd two other similar tracts in the far north, where 

he HiU of Nigg, in Ross-shire, declines towards the 

jias deposit in the Bay of Shandwick, and where, in 

he vicinity of Inverness, a line of bold precipitous 

x)ast runs between the pyramidal Avooded eminence 

vhich occupies the south-eastern comer of Ross, and 

he toAver-Uke headlands that guard the entrance of 

he Bay of Munlochy. In the latter tract, however, 

he conglomerate is much less cavernous than in the 

)ther two. 

The sea^coast of St Vigeans, in Forfarshire, has 
l)een long celebrated for its romantic scenery and its 
saves ; and though it belongs rather to the conglome- 
rate base of the upper formation than to the great 
conglomerate base of the lower, it is marked, from the 
nature of the materials — ^materials common to both — 
by features indistinguishable from those which cha- 
racterize the sea-coasts of the older deposit. Its wall 
of precipices averages from a hundred to a hundred 
and eighty feet in height, no very great matter com- 
pared with some of our northern lines, but the cliffs 
make up for their want of altitude by their bold and 
picturesque combinations of form ; and I scarce know 
where a long simimer s day could well be passed more 
agreeably than among their mid and solitary recesses. 



240 



TUB OLD RED SA>'D$ 



The iucessrait liishin^ of the sea have ground I 
down iutc) shitpes (he most fantastic Huge s 
tliat stfuid up from aniid the breakera, are here a 
tliere pejforated by round heavy-browed arches, t 
I'Ust the morning shadotvs inkiud athwart ihe « 
vem-lwl lowed preeipices behind. The neTet-ceaa 
tciioes rtply, in lonp and gloomy cares, to the \ 
toned of the sea. Here a blufV promontory projet 
into the deep-green water, and the white fbanitJ 
times of tempest, dashes up a hundred feet a 
fcee. There a narrow strip of vegetationj 
«ith ivtld Rowers, intervenes between the beach a 
tlie tout of the clilfs that sweep along the bottom 
some semiciri-ular bay ; but we see, &om the n 
caves by which they ure studded, and the polish ^ 
has bluutfid their lower angularities, that at some eady 
period the breakers must have dashed for ages agwist 
tlieir bases. The Gar/let Pot, a plaee of interest, ironi 
its very striking appearance, to more than geologists, 
is connected with one of the deep-sea promontories. 
We see an oblong hollow in the centre of a coal-field, 
that borders on the clitTs. It deepens as we approach 
it, and on reaching the edge we find ourselves stand- 
ing on the verge of a precipice about a hundred and 
fifty feet in depth, and see the waves daishiug along tl 
bottom. On descending by a somewhat pre 
path, we find that a long tunnel-like cavern a 
nicHtes with the sea, and mark, through the dee{ 
of the passage, the sunlight playing beyond, and i 
and then a white sail passing the opening, as if fli 
across the field of a telescope. The Gaylvt Pot at 
originally to have been merely a deep straight caij 



THE OLD RED SANDSTONE. 241 

Uowed in the line of a fault by the wares; and it 
ires evidently its present appearance to the fyiing in 
the roof for about a hundred yards, at its inner ex- 
mdty. 

We pass from the conglomerate to the middle and 

>per beds of the low^ formation, and find scenery 

'a different character in the districts in which they 

'eyaU. The aspect is less bold and rugged, and af- 

cts ofiten long horizontal lines, that stretch away, 

ithout rise or depression, amid the surrounding in- 

[ualities of the landscape for miles and leagues, and 

lat decline to either side, like roo£» of what the archi- 

ict would term a low pitch. The ridge of the Leys 

L the eastern opening of the Caledonian Valley, so 

ictilinear in its outline, and so sloping in its sides, 

resents a good illustration of this peculiarity. The 

ictilinear ridge which runs from the Southern Sutor 

f Cromarty fer into the interior of the country, and 

rhich has been compared in a former chapter to the 

liafl of a spear, furnishes another illustration equally 

pt.* Where the sloping sides of these roof-like 

* The yalleys which separate these ridges form often spaci- 

08 friths and bays, the frequent occnrrence of which in the 

^Id Red Sandstone constitutes, in some localities, one of the 

haracteristics of the system. Mark in a map of the north of 

(Gotland, how closely friths and estuaries lie crowded together 

>etween the counties of Sutherland and Inverness. In a line 

f coast little more than forty miles in extent, there occur four 

.rms of the sea,— the Friths of Cromarty, Beauly, and Dor- 

loch, and the Bay of Munlochy. The Frith of Tay and the 

Basin of Montrose are also semi-marine valleys of the Old 

iled Sandstone. Two of the finest harbours in Britain, or the 

¥orld, belong to it, — Milford Haven in South Wales, and th6 

3ay of Cromarty. 
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tidgrs decliue, as in the latter instance, toivarda an 
exposed aea-^^mst, we fiud the dope temiinatiiig often 
in an. ahrupt iine of rock dug out l\v the wares. Il U 
thus a roof set on walla and furnished with eaves. A 
ditch just finished by the lahourer presents regularly- 
eloping sides ; but the little stream that comes run- 
ning through gradually widens its bed by digging fur- 
rows into the slopes, the undermined masses &11 in 
and are swept away, and in the course of a few niontlu 
the sides are no longer sloping, but abrupt. And such, 
on a great scale, has been the process through which 
coast-lines that were originally paved slopes have be- 
come walls of preeipices. The waves cut first through 
the outer strata ; and every stratum thus divided comes 
to present two feces, — a perpendicular face in the neir- 
ly-formed line of precipice, and another horizrailal 
face lying parallel to it, along the shore. One-half 
the severed stratum seems as if rising out of the sen. 
— the other half as if descending from the hill : tlie 
geologist who walics along the beach finds the various 
beds presented in duplicate, — a hill-bed on the one 
side, and a sea-bed on the other. There occurs a very 
interesting instance of thU arrangement in the bold 
line of coast on the northern shore of the Moray Frilli, 
Eo often idluded to in a previous chapter, as extend- 
ing between the Southern Sutor and the Hill of Eathie, 
and which forms the wall of a portion of the roof-like 
ridge last described. The sea first broke in a long 
line through strata of red and gray shale, next through 
a thick bed of pale-yellow stone, llieii through a con- 
tinuous bed of stratified ch.ys and nodular iin 
and last of all through a bed, thicker tlum any of t| 
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hers, of indurated red sandstone. The line of clifis 
rmed in this way rises abruptly for about a hundred 
urds on the one hand ; the shore stretches out for 
Lore than double the same space on the other ; on 
3th sides the beds exactly correspond ; and to ascend 
1 the line of the strata from the foot of the cliffs, we 
aye either to climb the hill, or to pass downwards 
t low ebb to the edge of the sea. The section is of 
iterest, not only from the numerous organisms, ani- 
lal and vegetable, which its ichthyolite beds contain, 
ut from the illustration which it also furnishes of de- 
udation to a vast extent from causes still in active 
peration. A line of precipices a hundred yards in 
leight, and more than two miles in length, has been 
lug out of the slope by the slow wear of the waves, 
a the unreckoned course of that period during which 
he present sea was bounded in this locality by the 
existing line of coast. (See Frontispiece, section 3.) 
I know not a more instructive walk for the young 
reologist than that furnished by the two miles of shore 
ilong which this section extends. Years of exami- 
lation and in(][uiry would fail to exhaust it. It pre- 
sents us, I 'have said, with the numerous organisms of 
the Lower Old Red Sandstone ; it presents us also, 
towards its western extremity, with the still more nu- 
merous organisms of the Lower and Upper Lias : nor 
are the inflections and faults which its strata exhibit 
less instructive than its fossils or its vast denuded hol-^ 
low. I have climbed along its wall of cliffs during 
the height of a tempestuous winter tide, when waves 
of huge volume, that had begun to gather strength 



under llie night of the Norlliem Ocean, were Imretmg 
and fiiaining below; and as the liarder pebbles, up- 
lifted by tlie surge, rolled by thousands and tens of 
thousands along the rocky botloin, and the work of 
denudation went on, I have thought of the remote 
past, when the same ^enta had first begun to grind 
down the upper strata, whose broken edges now pro- 
jected Ugh over my head on the one hand, and lay 
buried fiir under tlie waves at my feet on the other. 
Almost all mountain chains present their abrupter es- 
carpments to the sea, though separated (com it ia 
many instances by hundreds of miles, — a consequence, 
it IB probable, of a similar course of denudation, ere 
they had attained their present altitude, or the plains 
at tbeir feet had been elevated over the level of the 
ocean. Had a rise of a hundred feet taken place io 
lliis noilhem district in the days of Casar, the whole 
upper pitrt of the Moray Frith would have been laid 
dry, and it would now have seemed as inesplicable 
that this roof-like ridge should present so rugged a 
line of wall to the distant sea, as that the Wsstem 
Ghauts of India should invariably turn thdr eteepn^ 
declivities to the basin of the Indian Ocean, or 
from the arctic circle to the southern extremity of 
tagonia the huge mountain-chain of America ehouIA' 
elevate its dizzy precipices in the line of the Pacific. 
Let us take another view of this section. It 
stretches between two of the granitic knolis or wed||W. 
to which I have had such Irequent occasion to 
— the Southern Sutor of Cromarty, and the B 
Eathie; and the edges of tlie strata somewhf 
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nd one of the edges of a bundle of deals laid flat- 

lys on two stones, and bent towards the middle by 

3ir own weight. But their more brittle charac- 

' is shown by the manner in which their ends are 

oken and uptilted against the granitic knobs on 

lich they seem to rest; and towards the western 

lob the whole bundle has been broken across £x)m 

low, and the opening occasioned by the fracture 

rms a deep savage ravine skirted by precipices, that 

ns £ax into the interior, and exhibits the lower por- 

>n of the system to well nigh its base. Will the 

ader spend a very few minutes in exploring the soli- 

ry recesses of this rocky trench, — ^it matters not whe- 

ler as a scene-hunter or a geologist ? We pass on- 

ards along the beach through the middle line of the 

3nuded hollow. The natural rampart that rises on 

le right ascends towards the uplands in steep slopes, 

aed horizontally by sheep walks, and fretted by 

lossy knolls and churchyard-like ridges,— or juts out 

ito abrupt and weathered crags, crusted with lichens 

ttd festooned with ivy,— or recedes into bosky hol- 

>ws, roughened by the sloe-thom, the wild-rose, and 

le juniper. On the left the wide extent of the 

loray Frith stretches out to the dim horizon, with 

s vein-like currents, and its undulating lines of 

oast ; while before us we see, far in the distance, the 

»lue vista of the Great Valley, with its double wall of 

agged and serrated hills, and, directly in the opening, 

he gray diminished spires of Inverness. We reach 

i brown mossy stream, of just volume enough to sweep 

iway the pebbles and shells that have been strewed 

n its course by the last tide ; and see, on turning a 
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sudden anglf, the precipioes cleft to their base by the 
ravine, that has yielded its waters a pasi^age from the 
interior. 

We enter along the bed of the stream. A line of 
mural precipices rises on either himd, — here advancing 
in pouderous overhanging buttresses, there receding 
into deep damp recesses, tapestried with ivy, and dark- 
ened with birch iind haze!. A powerfiil spring, charg- 
ed with lime, cornea pouring by a hundred different 
threads over the rounded hron" of a beetling crag, and 
the decaying vegetation around it is hardening intu 
Stone. The eUfiJs vaiy their outline at every step, asif 
assuming in succession all the various combinations 
of form that constitute the wild and the picturesque ; 
and the pale hues of the stone seem, when brightened 
by the sun, the very tints a ptunter would choose to 
heighten the effect of his shades, or to contrast moat 
delicately with the luxuriant profusion of bushes and 
flowers that ivave over the higher shelves and c 
nies, A colony of swallows have built from time i[j 
memorial under tlie overhanging strata of o 
loftier precipices ; the fox and badger harbour in 
clefts of the steeper and more inaccessible bonks. As 
we proceed, the dell becomes wilder and more deepiv 
wooded ; the stream frets and toils at our feet, — 
here leaping over an opposing ridge, — there struggling 
in a pool, — yonder escaping to the light from under 
some broken fragment of cliff. There is u richer pro- 
fiision of flowers, a thicker mantling of ivy and honev- 
Buckle ; and, after pacing a semicircular inflection nf 
the liank, that waves from base to summit with hir 
hazel, and hawthorn, we find the passage shut v 
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perpendicular wall of rock about tliirty feet in 
ight, over which the stream precipitates itself in 
dender column of foam, into a dark mossy basin, 
le long arms of an intermingled clump of birches 
d hazels stretch half-way across, tripling with their 
ade the apparent depth of the pool, and heighten- 
g in an equal ratio the white flicker of the cascade, 
d the effect of the bright patches of foam which, 
mg from the rock, incessantly revolve on the eddy. 
Mark now the geology of the ravine. For about 
Jf-way from where it opens to the shore to where 
e path is obstructed by the deep mossy pool and 
e cascade, its precipitous sides consist of three bars 
storeys. There is first, reckoning from the stream 
)wards, a broad bar of pale red, — then a broad bar 
' pale lead*-colour, — ^last and highest, a broad bar of 
de yellow, — and above all there rises a steep green 
ope, that continues its ascent till it gains the top of 
le ridge. The middle lead-coloured bar is an ich- 
lyolite bed, a place of sepulture among the rocks, 
here the dead lie by myriads. The yellow bar 
yove is a thick bed of saliferous sandstone. We may 
56 the projections on which the sim has beat most 
3werfiilly, covered with a white crust of salt ; and it 
lay be deemed worthy of remark, in connection with 
le circumstance, that its shelves and crannies are 
cher in vegetation than those of the other bars. The 
ale-red bar below is composed of a coarser and harder 
mdstone, which forms an upper moiety of the arena- 
sous portion of the great conglomerate. Now mark, 
irther, that on reaching a midway point between the 
each and the cascade, this triple-barred line of pre- 
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LJpii II I i^rapdj tenninatts, aad a line of predpioes of 
e ae abruptly begins. I occEision- 
) wall built at two difFereni 
o different kinds of ma- 
tofcab: ikeanebatf of it is formed of white sandstone, 
r half of a dark-coloured basalt ,- and the 
phee <riMse Ae aandatone ends and the basalt hepm 
d Vj- ■ mtical line, on the one side of whirfi 
ootoared, while all is of a light colour on 
EquaUr madced and abrupt is the vn^ 
e wliicb separates the triple-barred from ihi? 
X diSi »f the ratine of Eathie. The ra- 
T be described as a fault in the strata; 
e is a fiialt. lying at right angles mtli it, on a 
li lai^er scale : the great conglomerate ou which 
die triple bus rest has been cast up at least two 
huDilird feet, aod placed side bj side with them. 
And Tet the SBrCkce above )>eara no trace of the cata*' 
Iroplie. Denuding ngendea of even greater power 
e which hare hollowed out the cUHs of thp 
j; coast, or who^ operutions have befn 
through pwiods of eren more estended 
dnratioB, have ground down the prnjeeted line of the 
upheaved mass to nearlr the some lerel as that of the 
undtstarbed masses beade it. Now, mark ferther, as 
we liscead the ravine, that the grand cause of the di»- 
torlKinee appears to illustrate, as it were, and that rerj 
happily, the manner in which the fault was origii 
ptuduced. The preeipice over wlileb the sti 
leaps at one bound iuto the mossy hollow, 
posed of granitic gneiss, and seems evidently to 
iiilrudiyl il^lf, Hith much disturbance, auioDg 
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jTOundiiig conglomerate and sandstones. A few 
indred yards higher up the dell, there is another 
uch lofitier precipice of gneiss, round which we find 
je traces of still greater disturbance ; and higher 
ill, yet a third abrupt precipice of the same rock, 
bo gneiss rose, trap-like, in steps, and carried up 
le sandstone before it in detached squares. Each 
ep has it|^ answering fault immediately over it ; 
id the fault where the triple bars and. the conglo- 
erate meet is merely a faxdt whose step of granitic 
leiss stopped short ere it reached the surface. But 
le accompanying section (see Frontispiece, sect. 4) 
ill better illustrate the geology of this interesting 
kTine, than it can be illustrated by any written de- 
nription. I may remark, ere taking leave of it, how- 
rer, that its conglomerates exhibit a singularly large 
mount of false stratification at an acute angle with 
le planes of the real strata, and that a bed of mould- 
ing sandstone near the base of the system may be 
escribed, from its fissile character, as a tilestone.^ 

* There is a natural connection, it is said, between wild 
^nesand wild legends ; and some of the traditions connected 
ith this romantic and solitary dell illustrate the remark. 
ill a comparatively late period it was known at many a win- 
tr fireside as a farourite haunt of the fairies, — the most poeti- 
d of all our old tribes of spectres, and at one time one of the 
tost popular. I have conversed with an old woman, who, 
hen a very little girl, had seen myriads of them dancing, as 
le sun was setting, on the farther edge of the dell ; and with 
still older man, who had the temerity to offer one of them a 
inch of snuff at the foot of the cascade. Nearly a mile from 
'here the ravine opens to the sea it assumes a gentler and 
tore pastoral character : the sides, no longer precipitous, de- 
fend towards the stream in green sloping banks ; and a beaten 

P 
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I know comparatively little of the scenery of the 
middle or Oomstone formation. Its features ta Eng- 
lund ace bold and striking, — in Scotland, of a tamer 
and more various character. The Den of Balni^i^ 

lialh which rans between Cromartf &nd Riisem&rkie wiajk •! 

do-wD the one side, and asceads the other. More tbnu Bixtr 
years ago, one Donald Calder, a Cramarly shopkeeper, wu 
journejiiig by this path BhortI j after nightfall. The moon, at 
liill, had just riii«n ; but tbere was a silrerj mist sleepiag on 
tbe loner grounds, that obsonred her light ; and the deli, in 
all ita extent, waa so overcharged h; the vapour, that It teemed 
an immense overflooded river winding through the laDdscipe, 
Donald had reached its farther edge, and could hear the rusb 
of the stream from thedeepobsuuritjof the abyss below, when 
there rose from the apposite side a strain of the moat delight* 
ful music he bnd ever heard. He staid and liatened. Tlu 
wordsof a song, of such simple beauty that tbey geemed willi- 
ou( effort to stamp themselves on his mBmory, came wafted in 
the music ; and tbe chorus, in wbich a thousand tiny voieci 
seemed to join, was a familiar address to himsolf,— " Hd. 
Donald Calder ; liey, Donald Calder." " There are none of 
my narityacquaintance," thought Donald," who sing like that 
Wba can it be 1" He descended into the cloud ; but in past- 
ing the little stream the mnsic ceased ; and on reaching tbe 
s[iOt on which the singer had seemed stationed, ho saw only » 
bare bank sinking into a solitary moor, unvaried by either 
bush or hollow in which the musioian might have lain canceal- 
ed. Hehadhardly time, however, to estimate the raarveli (if 
the cose, when the music again struck up, but on the opposiw 
side of the dell, and apparently from the very knoll on which 
he had so recenLly Listened to it. The conviction that it could 
not be other than supernatural overpowered bim j and he 
hurried homewards nnder the influence of a terror so extremi, 
iliat unfortunately for our knowledge of fairy literature, it 
had the effoat of obliterating from his memory every part uf 
the song except the chorus. The sup rosa as he reached Crv- 
laarty ; and lie found that, instead of having lingered atjl 
edge of tl\e dell for ooly a few miDutes,-^and tbe time |i 
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ry is a sweet wooded dell, marked by no cliarac- 
ristic peculiarities. Many of the seeming peculi- 
ities of the formation in Forfarshire, as in Fife, 
ay be traced to the disturbing trap. The appear- 

cmed no longer^ — he had spent beside it the greater part of 
e night. 

The fairies hare deserted the Bum of Eathie ; bnt we hare 
oof quite as conclusiye as the nature of the case admits, 
at when they ceased to be seen there it would have been 
kin to have looked for them anywhere else. There is a clus- 
r of turf-built cottages grouped on the southern side of the 
.Tine ; a few scattered knolls and a long partially wooded 
»llow, that seems a sort of covered way leading to the re- 
)88es of the dell, interpose between them and the nearer 
Ige ; and the hill rises behind. On a Sabbath morning, near- 
sixty years ago, the inmates of this little hamlet had all 
me to church, — all except a herd-boy and a little girl, his sis- 
ir, who were lounging beside one of the cottages ; when, just 
I the shadow of the garden-dial had fallen on the line of 
)on, they saw a long cavalcade ascending out of the ravine 
urough the wooded hollow. It winded among the knolls and 
iflhes ; and, turning round the northern gable of the cottage, 
sside which the sole spectators of the scene were stationed, 
sgan to ascend the eminence toward the south. The horses 
ere shaggy, diminutive things, speckled dun and gray ; the 
iders, stunted, misgrown, ugly creatures, attired in antique 
nrkins of plaid, long gray cloaks, and little red caps, from un- 
ar which their wild uncombed locks shot out over their cheeks 
nd foreheads. The boy and his sister stood gazing in utter 
ismay and astonishment, as rider after rider, each one more 
ncouth and dwarfish than the one that had preceded it, 
assed the cottage and disappeared among the brushwood, 
rhich at that period covered the hill, until at length the entire 
>nt, except the last rider, who lingered a few yards behind 
le others, had gone by. " What are ye, little mannie ? and 
rhere are you going ?" enquired the boy, his curiosity getting 
tie better of his fears and his prudence. " Not of the race of 
idam," said the creature, turning for a moment in its saddle : 
the People of Peace shall never more be seen in Scotland.*' 
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iinRC exhibiteil is that of imeyen plains, tliat rise anil 
fell in long undulating ridges, — an appearance wliii:li 
any otlier member of the system might have presented. 
We find the upper formation associated with scenery of 
great though often wild beauty; and nowhere ia this 
more strikingly the case than in the province of 
Momy, where it leans against the granitic gneiss of 
the uplands, and slopes towards the sea in long plains 
of rarious fertility,^-deep and rich, as in the neigh- 
bourhood of Elgin, or singularly bleak and i 
duotire, as in the far-famed " heath near Fom 
Let us select the scene where the Findhom, e 
hurrying over ridge and shallow amid comhinationa 
of ro<!k and wood, wildly picturesque as any the 
kingdom affords, enters on the lower country, widi a 
course less headlong, through a vast trench scooped b 
the pale-red sandstone of the upper formation. For 
tnites above the junction of the newer and older roi'ts 
the river has been toiling in a narrow and uneven 
channel, between two upright walla of hard gray 
gneiss, thickly traversed, in every coniplesity of pai- 
tpm, by veins of a light-red, large-grained gRinile. 
The gneiss abruptly terminates, but not so the wali 
of precipices. A lofty front of gneiss is joiDed lo a 
lofty front of sandstone, like the front walls of iww aA- ^ 
joining houses; and the broken and uptilted straM^il 
the softer stone show thiit the older and harder rO^H 
must have invaded it from below. A liiile tter^ ' 
tlier down the stream, the strata assume what seems, 
in a short extent of frontage, a borizontul position, 
like courses of a.'^hler in a building, but wlii^ 
wliC'U viewed in the range, ia found to i 
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7 angle towards the distant sea. Here, as in many 

ler localities, the young geologist must guard 

unst the conclusion that the rock is necessarily low 

the geological scale, which he £nds resting against 

; gneiss. The gneiss, occupying a yery diflferent 

ice from that on which it w^as originally formed, 

3 been thrust into close neighbourhood with wide* 

separated formations. The great conglomerate base 

the system rests over it in Orkney, Caithness, Ross, 

omarty, and Inverness ; and there is no trace of 

lat should be the intervening grauwacke. The 

per formation of the system leans upon it here. 

e find the Lower Lias uptilted against it at the 

ill of Eathie, — the Great Oolite on the eastern 

ast of Sutherland; and as the flints and chalk 

ssils of Banff and Aberdeen are found lying imme- 

ately over it in these counties, it is probable that 

e denuded members of the Cretaceous group once 

sted upon it there. The fact that a deposit should 

i found lying in contact with the gneiss, furnishes 

> argument for the great antiquity or the funda- 

ental character of that deposit; and it were well 

at the geologist who sets himself to estimate the 

;pth of the Old Red Sandstone, or the succession 

its various formations, should keep the circuni- 

ance in view. That may be in reality but a small 

id upper portion of the system which he finds bound- 

1 by the gneiss on its under side, and by the dilu- 

ium on its upper. 

We stand on a wooded eminence, that sinks perpon- 
icularly into the river on the left, in a mural preci- 
ice, and descends with a billowy swell into the broad 
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fertile plain in ftonl, as if ihe uplands were breaking 
in one vast ware upon the low country. There is a 
patch of meadow on the opposite side of the atreani, 
shaded hy a group of ancient trees, gnarled asd 
nioKsj. and M'ith half their topmost hninthes dead 
and white as the bones of a skeleton. We look 
•\it\vn upon them from an elevation bo commanding 
that their uppermost twigs seem on well nigh the same 
level with their interlaced and twisted roots, washed 
liare on the bank edge by the winter floods. A colony 
fif herons has built from time immemorial among tlic 
branches. There are trees bo laden with nests that 
llie boughs bend earthwards on every side, bke the 
boughs of orchard-trees in autumn; and the bleached 
and feathered masses which they bear, — the cradles of 
succeeding general ions, — gl ittergray lb rough the foliage 
in continuous groupes, as if each tree bore on its single 
head all the wigs of the Court of Session. The soli- 
tude is busy with the occupations and enjoyments of 
instinct. The birds, tall and stately, stand by troops 
ill the slinllows, or wade warily, as the fish glance by, 
to the edge of the current, or rising, ttith the slow flap 
of wing and sharp creak peculiar to the tribe, drop 
suddenly into their nests. The great forest of Dar- 
tiuway stretches beyond, feathering a thousand Imolb, 
tliat reflect a colder and grayer tint as they recede 
and lessen, and present on the horizon a billowy 
line of blue. The river brawls along under pale red 
I'liflk, wooded atop. It is through a vast burial-vard 
that it has cut its way, — a field of the dead so an- 
cient that the sepulchres of Thebes and Luxor a 
but of the present day in comparison, — rrali&g-p 
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- the reoentljr departed, i/vhose funerals are but just 

er. These mo}ildering strata are charged with re- 

uns, scattered and detached as those of a church- 

rd, but not less entire in their parts, — occipital 

fues, jaws, teeth, spines, scales, — the dust and rub- 

sh of a departed creation. The clifis sink as the 

ain flattens, and green sloping banks of diluvium 

ke their place ; but they again rise in the middle 

[Stance into an abrupt and lofty promontory, that, 

retching like an immense rib athwart the level coun- 

y, projects far into the stream, and gives an angu- 

IT inflection to its course. There ascends from the 

pex a thin blue column of smoke, — ^hat of a lime- 

iln. That ridge and promontory are composed of 

lie thick limestone band, which, in Moray as in Fife, 

eparates the pale-red from the pale-yellow beds of 

be Upper Old Red Sandstone ; and the flattened 

racts on both sides show how much better it has re- 

isted the denuding agencies than either the yellow 

(trata that rest over it, or the pale-red strata which 

t oyerlieSk 
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CnAPTER XII. 



Tlie two Aspects in vbicb Matter can Ixs viewod ; Spave N 
Time.- Geological History of tha Earlier Periods.— Tb* 
Cambrian Sjstem. — ItE Annelids. — The Silurian System.— 
Ita Corals, Enorinitoa, Mollnscs, and Trilobites.— Its Fiih. 
— Tbeie of B bigh Order, and called into Exidence appa- 
rently by Myriads. — Opening Scene in tbe HiMory of tin 
Old Red Sandstone a Scene of Tempest.~BepresenCsd by 
tbe Great Cnn glomerate. — Red a prevailing Colour among 
tbe Ancient Rooks contained in this Deposit.— Am aiirg 
Abundance of Animal Life. — ExempliGed by a Scene in tbe 
Herring Fishery. — I'latform of Death. — Probable Causa of 
the Catastrophe which rendered it sucb. 



" There are only two different aspects," Bays Dr 
Tbomas Brown, " in which, matter can be viewed. 
We may consider it simply as it exists in space., or a« 
it exists in time. As it ejcists in space, we inquire 
into its composition, or, in other words, endeavoui lo 
discover what are the elementary bodies that co-exist 
in the space which it occupies ; as it exists in time, 
we inquire into its susceptibilities or its powers, or, in 
other words, endeavour to trae« all the varioos d 
which have already passed over it, or of which il 
yet beeome the subject." 

Hitherto I have very much restricted myself U 
consideration of the Old Red Sandstone as it e: 
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spttce^ — to the consideration of it as we now find 
I shall now attempt presenting it to the reader as 
existed in time^ — during the succeeding periods of 
formation, and when its existences lived and 
>yed as the denizens of primeval oceans. It is one 
[ng to describe the appearance of a forsaken and 
sert country, with its wide wastes of unprofitable 
id, its broken citadels and temples, its solitary 
ttle-plains, and its gloomy streets of cavemed and 
lely sepulchres; and quite another to record its 
story during its days of smiling fields, populous 
ies, busy trade, and monarchical splendour. We 
188 from the dead to the living, — j&om the cemetery, 
ith its high piles of mummies and its vast heaps of 
mes, to the ancient city, fiill of life and animation 
L all its streets and dwellings. 
Two great geological periods have already come to 
leir close ; and the floor of a widely-spread ocean, to 
hich we can affix no limits, and of whose shores or 
leir inhabitants nothing is yet known, is occupied 
> the depth of many thousand feet by the remains of 
ygone existences. Of late the geologist has learned 
x>m Murchison to distinguish the rocks of these two 
eriods, — the lower as those of the Cambrian, the upper 
8 those of the Silurian group. The lower, — ^represen- 
ative of the first glimmering twilight of being, — of a 
lawn so feeble that it may seem doubtful whether in 
eality the gloom had lightened, — must still be regarded 
iS a period of uncertainty. Its ripple-marked sand- 
itones, and its half-coherent accumulations of dark- 
floured strata, which decompose into mud, show that 
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every one of its many plunea must bave formed ii 

cesaion an upper surface of the bottom of the sea 
it remains for future discoverers to 
the shapes of life that burrowed ii 
ed through the incumbent waters. In one localitja 
would seem as if afew worms had crawled to them 
face, and left their involved and tortuous folds doubt 
fully impressed on the stone. Some of them i 
miniature cables carelessly coiled; others, f 
with what seem numeroiu legs, remind us of the exi 
ing Nereidina of our sandy shores, — those red-bloo 
many-le^ed worms, resembling elongated c< 
tbat wriggle with such activity among the mingled 
mud and water, aa we turn over the stones under 
which ihey had sheltered. Were creatures such as 
these the lords of this lower ocean ? Did they enter 
first on the stage, in that great drama of being in 
which poets and philosophers, monarchg and migh^ 
conquerors, were afterwards to mingle as actors ? Does 
the reader remember tbat story in the Arabian NiffkU 
in which the battle of the magicians is described f 
At an early stage of the combat a little won 
over the pavement ; at its close two terrible 
contend in an atmosphere of fire. But e 
worms of the Cambrian System can scarce be regarded 
as established. The evidence respecting their plate 
and their nature must stiL be held as involved In 
some such degree of doubt as attaches to the reeearche* 
of the antiquary, when engaged in tracing what their 
s much resemble, — the involved sculpt u rings of 
: Runic obcliBk, weathered bv the storms of 4 
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thousand winters. There is less of douht, howerer, 
r^arding the existences of the upper group of rocks,— 
the Silurian. 

The depth of this group, as estimated hy Mr Mur- 
chison, is equal to douhle the height of our high- 
est Scottish mountains ; and four distinct platforms 
of heing range in it, the one over the other, like 
storeys in a huilding. Life abounded on all these 
platforms, and in shapes the most wonderful. The 
peculiar encrinites of the group rose in miniature 
forests, and spread forth their sentient petals by mil- 
lions and tens of millions amid the waters ; vast ridges 
of corals, peopled by their innumerable builders, — 
numbers without number, — ^rose high amid the shal- 
lows ; the chambered shells had become abimdant, — 
the simpler testacea still more so ; extinct forms of 
the graptolite or sea-pen existed by myriads ; and the 
formation had a class of creatures in advance of the 
many-legged annelids of the other. It had its nume- 
rous family of trilobites,-— crustaceans nearly as high 
in the scale as the common crab,— creatures with 
crescent-shaped heads, and jointed bodies, and won- 
derfuUy-constnicted eyes, which, like the eyes of the 
bee and the butterfly, had the cornea cut into facets 
resembling those of a multiplyiug-glass. Is the reader 
acquainted with the form of the common Chiton of our 
shores, — ^the little boat-shaped shell-fish that adheres 
to stones and rocks like the limpet, but which differs 
from every variety of limpet, in bearing as its covering 
a jointed, not a continuous shell ? Suppose a chiton 
with two of its terminal joints cut away, and a single 
plate of much the same shape and size, but with two 



eves near the centre, (ruLstituted instead, and tlie m 
loal. in form at least, would be no longer a chiton, h 
a trilobite. There are appearances, too, which lead 1i 
the inference that the habits of the two families, thong 
representinfr different orders of being, may not ha^ 
been very unlike. The chiton attaches itself to b 
ro«k by a muscular sucker or foot, which, extendi 
rentrully along its entire length, resembles that t 
the slug or the snail, and enables it te 
them, but still more slowly, by a succession of adli 
aions. The locomotive powers of the trilobite n 
have been little superior to those of the chiton. 
furnished with legs at all, it must have been i 
soft rudimentary membranaceous legs, little fitted { 
walking with ; and it seems quite as probable, fi 
the peculiarly-shaped under margin of iu shell, fom 
ed, like that of the chiton, for adhering to flat s 
faces, that, like the slug and the snail, it w^£ 
furnished with legs of any kind, and crept c 
abdomen. The vast conglomerations of trilobites fi 
which the Silurian rocks are remarkable a 
as further evidence of a sedentary condition, 
Oitrae, CMtoneg, and other sedentary animals, t 
seem to have adhered together in vast clusters, t 
bite over trilobite, in the hollows of submarine pred 
pices, or on the flat muddy bottom below. And m 
were the master existences of three of the four S 
rian platforms, and of the greater part of the fourth, 
if, indeed, we may not regard the chambered molluscs, 
tboir cotemporaries, — creatures with their arms cluster- 
ed round tbcir hcnils, and with a nervous system o 
posed of a mere knotted cord, — as equally high u 
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scale. We rise to the topmost layers of the system, — 
to an upper gallery of its highest platform, — and find 
nature mightily in advance. 

Another and superior order of existences had sprung 
into being at the fiat of the Creator,— creatures with 
the brain lodged in the head, and the spinal cord in- 
closed in a yertebrated column. In the period of 
the Upper Silurian, fish properly so called, and of 
rery perfect organization, had become denizens of the 
watery element, and had taken precedence of the 
crustacean, as, at a period long previous, the crus- 
tacean had taken precedence of the annelid. In 
what form do these, the most ancient beings of their 
class, appear ? As cartilaginous fishes of the higher 
order. Some of them were furnished with bony pa- 
lates, and squat firmly-based teeth, well adapted for 
crushing the stone-cased zoophites and shells of the 
period, fi-agments of which occur in their foecal re- 
mains ; — some with teeth that, like those of the fossil 
sharks of the later formations, resemble lines of mi- 
niature pyramids, larger and smaller alternating ; — 
some with teeth sharp, thin, and so deeply serrated 
that every individual tooth resembles a row of po- 
niards set upright against the walls of an armoury; and 
these last, says Agassiz, furnished with weapons so 
murderous, must have been the pirates of the period. 
Some had their fins guarded with long spines, hooked 
like the beak of an eagle; some with spines of straight- 
er and more slender form, and ribbed and furrowed 
longitudinally like columns ; some were shielded by 
an armour of bony points ; and some thickly covered 
with glistening scales. If many ages must have pass- 
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ed ere fislies appeared, there wus assuredly no timen 
quired to elevate their lower into thar higher (amiU 
Judging, too, from tbia ancient deposit, they si 
have been introduced not by individuals and 
hut by whole myriads. 

** Forthwith the gonnda and »eas, each creek and bay. 
With fry itinamerabla awarmed ; and EhoBia 
OF Gih,(liBt with their fins and shining scales 
Glide under the green v/ave in plumps and icalU, 
Banked the mid sea." 

The fifih-hedof the Upper Ludlow Rock abounds nil 
in osseous remains than an ancient burying-groi 
The stratum over mde areas seems an almost cc 
ous layer of matted honea, jaws, teeth, spines, 
palaUal plates, and shagreen-like prickles, all i 
together, and all converted into a substance of a 
and shiuing a jet colour, that the bed, when 
dlacovered, conveyed the impression," says Mr Mur- 
chison, " that it inclosed a tiiturated he^p of Iilac-Ii 
beetles." And such are the remains of what seem In 
have been the first esisting vertebrata. Thus, ere 
history begins, the existences of two great systems, 
C'ambrian and the Silurian, had pasi^ed into exi 
tion, with the exception of what seem a few 
necting links, exclusively molhucs, that are found 
England to pass fi-om the higher beds of the Lud- 
low rocks into the lower or Tilestone beds of the Old 
lied Sandstone. The exuriae of at least four plal 
forms of being lay entombed, furlong below ; 
amid the gray mouldering mudstones, tlie 
arenaceous beds, the consolidated clays, and thi 
crcliunary liinestoncs, that underlay the ancient 
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of the Lower Old Red. The earth had alreadj be- 
come a vast sepulchre, to a depth beneath the bed of 
the sea equal to at least twice the height of Ben Nevis 
oyer its surface. 

The first scene in the Tempest opens amid the con- 
fusion and turmoil of the hurricane, — amid thunders 
and lightnings, the roar of the wind, the shouts of the 
seamen, the rattling of cordage, and the wild dash of 
the billows. The history of the period represented 
by the Old Red Sandstone seems, in what now forms 
the northern half of Scotland, to have opened in a 
similar manner. The finelj-laminated lower Tile- 
stones of England were deposited evidently in a calfai 
sea. During the cotemporary period in our own coun- 
try, the vast space which now includes Orkney and 
Lochness, Dingwall and Gamrie, and many a thou- 
sand square miles besides, was the scene of a shallow 
ocean, peiplexed by powerful currents, and agitated 
by waves. A vast stratum of water-rolled pebbles, 
varying in depth from a hundred feet to a himdred 
yards, remains in a thousand different localities, to 
testify of the disturbing agencies of this time of com- 
motion. The hardest masses which the stratum in- 
closes, — ^porphyries of vitreous fracture that cut gls^ 
as readily as flint, and masses of quartz that strike 
fire quite as profusely from steel, — are yet polished 
and ground down into bullet-like forms, not an an- 
gular fragment appearing in some parts of the mass 
for yards together. The debris of our harder rocks, 
rolled for centuries in the beds of our more impetuous 
rivers, or tossed for ages along our more exposed and 
precipitous sea-shores, could not present less equivo- 
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aflj' Ak ^Hib of Tiolent and prolonged attrit 
l^a Ibe ptfchlH of this bed. And yet 
dificA la eoactiTe how the bottom of anj seashi 
have be^ a* viol^tflj' and so equally ^tated fa 
ss that whicli 
t in InTemess-shire and Poi 
in OikkM m one frcMion, and between Applet 
^tt Tnuphead in anotfaM-, — and for a period 
(wi^i J, tint tke ^ilire area skotild hare come toj 
coTired wilk a stistam of rolled pebbles of 
FTsiT TsrietT of sacieat rock, Gfteen storej^ heiglit) 
thkitoras. The Terr Tariety of its ( 
ihu dw penod mnst hare been prolonged. A sud- 
iea Beoi J *e«y« awwr with it the acciunulated dc- 
hria flf ■ nnge of lonntdiaa ; but lo blend tngethei, 

■I Biztore, tbe debris of many such ranges, 

8 to grind down their roiighne.°8i 
■mt fin np the inlersliees with ihe aaad 

1 pwdnoed in the proeess, must be a work 
tiiM^ T baTc examined with much interest, 
ooc lacalilies. the fiagments of ancient rock inch 
!■ this foRnatioa. Many of them are no longer' 
b* fovnd in m/m, and the gioup is essentially dtSeT- 
1ft fimn that preseiit«d by the more modem gra«eli. 
Ob the ^oics of the Frilh of Cromarty, for 
by hr the mo«t abundant pebbles are of a blue 
loec gneiss : &agmenla of gray granite and 
«|uaitx are bIm common ; and the sea-shore at half-ej 
pr«scni5 at a short distance the appearance of 
bell of bluish gray, ftom the colour of tlie prei 
stones which compose it. The prevailing eoluuT' 
the conglomerate of the disirici, on the contrary, 
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deep red. It contams pebbles of small-grained red 
granite, red quartz rock, red feldspar, red porphyry, 
an impure red jasper, red homstone, and a red grani- 
tic gneiss, identical with the well-marked gneiss of 
the neighbouring Sutors. This last is the only rock 
now found in the district, of which fragments occur 
in the conglomerate. It must hare been exposed at 
the time to the action of the waves, though after- 
wards buried deep under succeeding formations, until 
again thrust to the sur&ce by some great internal con- 
Tulsion, of a date comparatively recent.* 

The period of this shallow and stormy ocean pass- 
ed. The bottom, composed of the identical conglo- 
merate which now forms the summit of some of our 
loftiest mountains, sank throughout its wide area to a 
depth so profound as to be little affected by tides or 

* The vast beds of unconsolidated gravel with which one of 
the later geological revolutions has half-filled some of our 
northern yalleys, and covered the slopes of the adjacent hills, 
present, in a few localities, appearances somewhat analogous 
to those exhibited by this ancient formation. There are un- 
cemented accumulations of water-rolled pebbles, in the neigh- 
bourhood of Inverness, from ninety to a hundred feet in thick- 
ness. But this stratum, unlike the more ancient one, wanted 
continuity. It must have been accumulated, too, under the 
operation of more partial, though immensely more powerful 
i^encies. I do not remember having seen in the conglo- 
merate of the Old Red a pebble which I could not have raised 
from the ground. There is a mediocrity of size in the enclosed 
fragments, which gives evidence of a mediocrity of power in 
the transporting agent. In the upper gravels, on the contrary, 
one of the agents could convey from vast distances blocks of 
stone eighty and a hundred tons in weight. A new cause of 
tremendous energy had come into operation in the geological 
world. 
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tempests, Diuiiig this second period there took pince 
n vast deposit of coarse sandstone strata, with here 
and there a few thin beds of rolled pebbles. The ge- 
neral sulisideuce of the bottom still continaed, and 
after a deposit of fiilly ninety feet had OTerlain the 
i«ngloinerate, the depth became still more profound 
than at first. A fine eemi- calcareous, seiui-aluminouB 
deposition took place in waters perfectly undisturbed. 
And here we first find proof that this ancient ocean 
literally swanned with lil'e, — that its bottom was co- 
vered with miniatuje forests of alg», and its waters 
darkened by iiumeuse shoals of fish. 

In middle autumn, at the close of the herring sen- 
son, when the fish hare just spawned, and the con- 
gregated masses are breaking up on shallow and 
skerry, and dispersing by myriads over the deeper 
seas, they rise at times to the surface by a. movement 
so simultaneous, that for miles and miles around the 
skiff of the fisherman nothing may be seen but the 
bright glitter of scales, as if the entire face of the 
deep were a blue robe spangled with silver. 1 have 
ivat<^bed them at sunrise at such seasons on the mid- 
dle of the Moray Frith, when, far as the eye could 
reach, the surface has been ruffled by the splosh of 
fins, as if a light breeze swept over it, and the n 
light has flashed in gleams of an instant on the n 
lions and tens of raillionfi that were leaping around q 
a handhreadth into the air, thick as hailstones ii 
thunder-shower. The amazing amouqt of life whj 
the scene included has imparled to it an indescribad 
interest. On most occasions the inhabitants o 
are seen but by scons and hundreds ; for in lookia 
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down into their green twilight haunts, we find the 
view bounded by a few yards, or at most a few fa- 
thoms ; and we can but calculate on the unseen myri- 
ads of the surrounding expanse, by the seen few that 
occupy the narrow space visible. Here, however, it 
was not the few, but the myriads, that were seen, — 
the innumerable and inconceivable whole, — all pal- 
pable to the sight as a flock on a hill-side ; or at least, 
if all was not palpable, it was only because sense has 
its limits in the lighter as well as in the denser medi- 
um, — ^that the multitudinous distracts it, and the dis- 
tant eludes it, and the far horizon boimds it. If the 
scene spoke not of infinity in the sense in which Deity 
comprehends it, it spoke of it in at least the only 
sense in which man can comprehend it. 

Now, we are much in the habit of thinking of such 
amazing multiplicity of being, — when we think of it 
at all, — ^with reference to but the later times of the 
world's history. "We think of th^ remote past as a 
time of comparative solitude. We forget that the now 
uninhabited desert was once a populous city. Is the 
reader prepared to realize, in connection with the 
Lower Old Red Sandstone, — the second period of 
vertebrated existence, — scenes as amazingly fertile in 
life as the scene just described, — oceans as thoroughly 
occupied with being as our friths and estuaries when 
the herrings congregate most abimdantfy on our coasts ? 
There are evidences too sure to be disputed that such 
must have been the case. I have seen the ichthyolite 
beds, where washed bare in the line of the strata, as 
thickly covered with oblong spindle-shaped nodules 
as I have ever seen a fishing-bank covered with her- 
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rings ; aiid have ascertained that eTery mdiviJual 

liult' bad its nucleus of aoimal matter. — that 
stuue coffin in miniature, holding inclosed its oi 
mass of bitumen or bone, — its winged, or enan 
or thom-cOTered ichthjolite. 

At this period of our history some terrible 
trojihe involved in sudden destruction the fish of 
area at least a hundred mites from boundary to I 
ar}-, perhaps much more- Thesame platform i 
ney as at Cromarty is strewed thick nith remains, 
which exhibit unequiTocally the marks of violent 
death. The figures are contorted, contracted, curred ; 
the tail in many instances is hent round to the head ; 
the spines stick out ; the fins are spread to the full, us 
iu fish that die in convulsiooa. The PterieAcAyn shows 
its anns extended at their stifiest an^e. as if prepared 
for an enemy. The attitudes of all the ichth3-olit«s on 
this platform are attitudes of fear, anger, and paiu. 
The remains, too, appear to have suftered nothing from 
the ailer attacks of predaceous fishes : none such 
seem to have survived. The record is one of destruc' 
lion at once widely spread, and total so bx as it 
tended. There are proofs, tliat whatever may 
Iteen the cause of the catastrophe, it must have 
place in a sea unusuaUy still. The scales, when 
lered by some shght undulation, are scattered to the 
distance of only a tew inches, and still exhibit their 
enamel entire, and their peculiar fineueas of edg 
spines, even when separated, retain their t 
needle-lite sharpness of point. Haja ivell i 
Klender as horse-hairs are intlosed unbroken 
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the parts surviye, but even the expression which the 
stiff and threatening attitude conveyed when the last 
struggle was over. Destruction must have come in the 
calm, and it must have been of a kind by which the 
calm was nothing disturbed. In what could it have 
originated ? By what quiet but potent agency of 
destruction were the innumerable existences of an 
area perhaps ten thousand square miles in extent an- 
nihilated at once, and yet the medium in which they 
had lived left undisturbed by its operations ? Conjec- 
ture lacks footing in grappling with the enigma, and 
expatiates in uncertainty over all the kno^vn pheno- 
mena of death. Diseases of mysterious origin break 
out at times in the animal kingdom, and well nigh 
exterminate the tribes on which they fall. The pre- 
sent generation has seen a himdred millions of the hu- 
man family swept away by a disease unknown to our 
fathers. Virgil describes the fatal murrain that once 
depopulated the Alps, not more as a poet than as a his- 
torian. The shell-fish of the rivers of North America 
died in such vast abimdance during a year of the pre- 
sent century, that the animals, washed out of their 
shells, lay rotting in masses beside the banks, infecting 
the very air. About the close of the last century the 
haddock well nigh disappeared for several seasons 
together from the eastern coasts of Scotland ; and it is 
related by Creech, that a Scotch shipmaster of the 
period sailed for several leagues on the coast of Nor- 
way, about the time the scarcity began, through a 
floating shoal of dead haddocks.* But the ravages of 

* I have heard elderly fishermen of the Moray Frith state, 
in connection with what they used to term ^ the haddock 
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no Buoh (lisease, howover cxt«n»ve, coulil ^vell accoQ 
for some of the pheuomena, of this plutfonii of dea 
ll iH rarely that disease falls e^uaUy on munj differq 

dearth" of this period, that for seieml weeks ere the fish ti 
ttreljr dianppeared, thej acquired en extremely disagrees^ 
tanle, as if they had been boiled in tobacco-JDice, and beoK ' 
untit for the table. For the three following yean they v 
extremely rare on the coast, and sereral jears ni< 
tre they were caught in the naual abundance. The factn 
IMed by Creech, a very CDrious one, I sabjoln 
words : it occnrs in his third Leiter to Sir John Sinclair^ 
" On Friday tbe 4th December 1/(19, theship Brothers, Capt* 
Slewsrt, arrived at Leith from Archangel, who reported 4^ 
uu the coast of Lapland aad Norway, he sailed mi 
throagh immenie quantities of dead haddocks floating onfl 
sea. He spoke several English ships, who reported the si 
fart. It is certain that haddocks, whicb was the Esh in 
greatest abundance in the Edinburgh market, have si 
bsen seen there these three years. In Febmary 1790 three 
haddocks were brought to market, which, from theit uarcily, 
iold for 7a. Bd." 

The dead haddocks seen by tbe Leith shipmaster 
ing by thousands ; and most of their congeners among «! 
fishermen term " the white fish," inch as cod, ling, and n' 
ing, also Boat when dead ; whereas the bodies of fii 
bowolB and air-bladders are comparatively small oni 
lie at the bottom. The hurring-Ssherman, if the fish d 
his nets, finds it no easy matter to buoy them np ; and 
shoal entangled be a large one, he fails at times, fn 
great weight, in recovering them at all, losing both ni 
herrings. Now, if a corresponding difference obtained w 
Gsh of the extinct period,— if some ruse to the snrface W 
they died, while others temainMl at the bottom,— 
course expect to find their remains in very diSerent daga 
of preBervation,~to find only scattered fragments of the Bi 
ers, while of tbe others many may occur comparatively ei 
Even shonld they have died on the same beds, t 
discover their remains separated by hundreds of miles. ', 
haddocks that disappeared from the doost of firitainir 
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tribes at once, and never does it fall with instantane- 
ous suddenness ; whereas in the ruin of this platform 
from ten to twelve distiuct genera seem to have been 
e<[ually involved; and so suddenly did it perform its 
If ork, that its victims were fixed in th&i first attitude 
of terror and surprise. I have observed, too, that 
groupes of adjoining nodules are charged frequently 
with fragments of the same variety of ichthyoKte ; 
and the circimistance seems fraught with evidence re- 
garding both the original habits of the creatures, and 
the instantaneous suddenness of the destruction by 
which they were overtaken. They seem, like many 
of our existing fish, to have been gregarious, and to 
have perished together ere their crowds had time to 
break up and disperse. 

Fish have been found floating dead in shoals* be- 
side submarine volcanoes, — killed either by the heated 
water or by mephitic gases. There are, however, no 
marks of volcanic activity in connection with the 
ichthyoKte beds, — ^no marks at least which belong to 
nearly the same age with the fossils. The disturbing 

found floating in shoals on the coasts of Norway. The remains 
of an immense body of herrings that weighed down, a few 
seasons since, the nets of a crew of fishermen, in a muddy 
hollow of the Moray Frith, and defied the utmost exertions 
of three crews united to weigh them from the bottom, are, I 
doubt not, in the muddy hollow still. On a principle thus ob- 
vious it may be deemed not improbable that the ichthyolites 
of the Lower Old Red Sandstone might have had numerous 
cotemporaries, of which, unless in some instances the same 
accident which killed also entombed them, we can know no- 
thing in their character as such, and whose broken fragments 
may yet be found in some other locality, where they may be 
regarded as characteristic of a different formation. 
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granite of the neighbouring eminences was not up- 
heayed until after the times of the Oolite. But the 
volcano, if such was the destroying agent, might haipe 
been distant ; nay, from some of the points in sn 
area of such immense extent, it rrnist have been dis- 
tant. The beds abound, as has been said, in lime ,* 
and the thought has often struck me that calcined 
lime, cast out as ashes from some distant crater, aad 
carried by the winds, might hare been the cause of 
the widely-spread destruction to which their organ- 
isms testify. I have seen the fish of a small trouting 
stream, over which a bridge was in the course of 
building, destroyed in a single hour, for a fuU mile 
below the erection, by the few troughfuls of lime that 
fell into the water when the centring was removed. 
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CHAPTER XIII. 



Successors of the exterminated Tribes. — The Gap slowly fill- 
ed. — Proof that the Vegetation of a Formation may long 
soryiye its Animal Tribes. — Probable Cause.— Immensely 
extended Period during which Fishes were the Master 
Existences of our Planet. — Extreme Folly of an Infidel Ob- 
jection illustrated by the Fact.— Singular Analogy between 
the History of Fishes as Individuals and as a Class.— Che- 
mistry of the Lower Formation. — Principles on which the 
Fish'inclosing Nodules were probably formed.— Chemical 
Effect of Animal Matter in discharging the Colour from Red 
Sandstone. — Origin of the prevailing Tint to which the 
System owes its Name. ^Successive Modes in which a Metal 
may exist. — The Restorations of the Geologist void of Co- 
lour. — Very different Appearance of the Ichthyolites of Cro- 
marty and Moray. 



The period of death passed, and over the innume- 
rable dead there settled a soft muddy sediment, that 
hid them up from the light, bestowing upon them such 
burial as a November snow-storm bestows on the sere 
and blighted vegetation of the previous simimer and 
autumn. For an unkno^Ti space of time, represented 
in the formation by a deposit about fifty feet in thick- 
ness, the waters of the depopulated area seem to have 
remained devoid of animal life. A few scales and 
plates then begin to appear. The fish that had existed 



274 



TUB OLD RED SANDSTONE. 



1 

the back-" 



outside ihe cha^ni seem to have gradually gained u 
it, as their numbers increaaed, just as the Eui 
Betllers of America have been gaining on the back-' 
woods, and making theniBelves homes amid the burial 
niounJs of a race extinct for centuries. For a length- 
enwl period, however, these finny settlers must haro 
been comparatively few, — mere squatters in the 
In the beds of stratified clay in which their r 
first oceur, over what we may tenn the densely-erowi 
ed platform of violent death, the explorer stay labo 
for hours together without fi.nding a single scale. 

It is worthy of remark, however, that this upper h 
abounds quite as much in the peculiar vegetable i 
presfiions of the formation as the lower platform it 
An ahumlauce equally great occurs in some localitf) 
only a few inches over the line of the estenniustii 
catastrophe. Thickets of exactly the same alg£e a 
which the fish of the formation had sheltered when li 
ing, grew luxuriantly over their graves when dead. 
The agencies of destruction which annihilated the ani- 
mal life of so extended an area, spared its vegetation; 
just as the identical forests that had waved over the 
semi-oi?ilized aborigines of North America continued 
to wave over the more savage red men, their succes' 
Bors, long after the original race had been extermi- 
nated. The inference deducihie from the ^t, though 
sulficiently simple, seems in a geological point of vi 
a not unimportant one. TAe Jtora of a tyitem n 
ionif Kiirm.'Be ttt fauna; to that tJiat may im but m 
formation, r^arded With rtfermiee to plaMt»,iehiehn 
be tieo or more formationt, reganled with nferm 
animalt. No instance of any such phenomenon o 
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in the later geological periods. The changes in ani- 
mal and vegetable life appear to have run parallel to 
each other from the times of the tertiary formations 
down to those of the coal ; but in the earlier deposits 
the case must have been different. The animal organ- 
isms of the newer Silurian strata form essentially dif- 
ferent groupes from those of the Lower Old Red Sand- 
stone, and both differ from those of the Comstone divi- 
sions ; and yet the greater portion of their vegetable re- 
mains seem the same. The stem-like impressions of the 
fucoid bed of the Upper Ludlow Rocks cannot be dis- 
tinguished from those of the ichthyoUte beds of Cro- 
marty and Ross, nor these again from the impressions 
of the Arbroath pavement or the Den of Babruddery. 
Nor is there much difficulty in conceiving how the vege- 
tation of a formation should come to survive its animals. 
What is fraught with health to the existences of the ve- 
getable kingdom is in many instances a deadly poison 
to those of the animal. The grasses and water-lilies of 
the neighbourhood of Naples flourish luxuriantly amid 
the carbonic acid gas which rests so densely over the 
pools and runnels out of which they spring, that the 
bird stoops to drink, and falls dead into the water. 
The lime that destroys the reptiles, fish, and insects, 
of a thickly-inhabited lake or stream, injm-es not a 
single flag or bulrush among the millions that line 
its edges. The two kingdoms exist imder laws of life 
and death so essentially dissimilar, that it has become 
one of the common-places of poetry to indicate the 
blight and decline of the tribes of the one by the un- 
wonted luxuriancy of the productions of the other. 
Otway tells us, in describing the horrors of the plague 




i off ale yd- . 
T tier, on a In 
ts Itself orerlaid by &Dot}ierbt 
And this upper bed had altO 1 
IS of its sea-weed still spread 
mid tbe lotdingB of tbe atrala, 
r its rlosiets of detached scales. But 
s were less fevoiiniWe to the preser- 
■ ot entiK ididmililes than those under which 
IS of tbe lower platform were wrapped up 
T eoTeiii^:!. The matrix, which is more 
ban the other, seems to have been lese 
luuwiidltTe, and the waters were probablv less still. 
Ikaia is wanrinv. in (he obscurity of the remaius, to 
decide wiieth<T a change of species took place in con- 
s«|ii«»e* of the rataslrophe of the lower platform. 
Nothing, howerer. is more probable, Tlie process went 
on. Age succeeded age, and one stratum coTered up 
another. Gmerations lived, dte<I, and were entombed 
in the erw-growing depositions. Succeeding genera- 
tions pnrsned their instincts hy myriada, happy in 
existence, over the Burfhce which covered the broken 
and perishing rem.iins nf their predecessors, and that ■ 
dierl and were entomhed in turn, leaving a 
platform anil » similar destiny to the generatioi 
succeeded. Whole races became extinct, — tl 
what process of destruction who can tell ! Other tl 
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sprang into existence through that adorable power 
which One only can conceive, and One only can ex- 
ert. An inexhaustible yariety of design expatiated 
freely within the limits of the ancient type. The 
main conditions remained the same, — the minor de- 
tails were dissimilar. Vast periods passed; a class 
low in the scale still continued to furnish the master- 
existences of creation; and so immensely extended 
was the term of its sovereignty, that a being of limited 
faculties, if such could have existed uncreated, and 
witnessed the whole, would have inferred that the 
power of the Creator had reached its extreme boimd- 
ary when fishes had been called into existence, and 
that our planet was destined to be the dwelling-place 
of no nobler inhabitants. If there be men dignified 
by the name of philosophers who can hold that the pre- 
sent state of being, with all its moral evil and all its 
physical suffering, is to be succeeded by no better and 
happier state, just because " all things have continued 
as they were** for some five or six thousand years, how 
much soimder and more conclusive would the infer- 
ence hare been which could have been based, as in 
the supposed case, on a period perhaps a hundred times 
more extended. 

There exist wonderful analogies in nature between 
the geological history of the vertebrated animals as an 
order, and the individual history of every mammifer, 
— ^between the history, too, of fish as a class, and that 
of eyery single fish. " It has been found by Tiede- 
mann,** says Mr Lyell, " that the brain of the foetus 
in the higher class of vertebrated animals assumes in 
succession the various forms which belong to fishes, 
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reptiles, and birds, before it acquires those additii 
and modificatioDS which are peculiar to 
feroua tribes." " In esaminisg the brain of the 
malia," says M, Serres, " at an early stage of life, yt 
perceive the cerebral hemispheres consolidated, 
fish, in two Tesicles isolated one irom the other ; at S- 
later period you see them aiFecC the configuration of 
the cerebral hemispheres of reptiles; still later, again, 
they present you with the forma of those of birds ; 
and finally, at the era of birth, the permanent forms 
which the adult mammalia present." And such seems 
to have been the Iiiatory of the rertebrata as an order, 
as certainly as that of the individual maimnifer. The 
fish preceded the reptile in the order of creation, just 
OB the crustacean had preceded the fish, and the 
lid the crustacean. Again, the reptile seems to hsi 
preceded the bird. We find, howpTer, unequin 
traces of the fealhered tribes in well marked fo 
prints impressed on a sandstone in North America, at 
most not more modem thiin the Lias, but which is 
geoerallj supposed to be of the same age with the 
New Red Sandstone of Germany and our own coun- 
try. In the Oolite, — at least one, perhaps two for- 
mations later, — the bones of the two species of mam- 
miferous quadrupeds have been found, apparently of 
the marsupial family ; and these, says Mr Lyell, af- 
ford the only example yet known of terrestrial mam- 
malia in rocks of a date anterior to the older tertiary 
formations. The reptile seems to have preceded the 
bird, and the bird the mammiferous animal. Thus 
the f(Etal history of the nervous system in the indii 
dual mammifer seems typical, in every stage of 
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progress, of the histoij of the grand division at the 
head of which the mammifer stands. Agassiz, at the 
late meeting of the British Association in Glasgow, 
mentioned an analogous fact. After describing the 
one-sided tail of the more ancient fish, especiallj the 
fish of the Old Red Sandstone, — ^the subjects of his 
illustration at the time, — ^he stated, as the result of a 
recent disooyery, that the young of the salmon in their 
foetal state exhibit the same unequaUj-sided condition 
of tail which characterizes those existences of the ear- 
lier ages of the world. The individual fish, just as it 
begins to exist, presents the identical appearances 
which were exhibited by the order when the order 
began to exist. Is there nothing wonderful in analo- 
gies such as these, — analogies that point through the 
embryos of the present time to the womb of Nature, 
big with its multitudinous forms of being ? Are they 
charged with no such nice evidence as a Butler would 
delight to contemplate, regarding that unique stt/le of 
Deity, if I may so express myself, which runs through 
all his works, whether we consider him as God of 
Nature, or Author of Revelation ! In this style of 
type and symbol did He reveal himself of old to his 
chosen people : in this- style of allegory and parable 
did he again address himself to them, when he so- 
journed among them on earth. 

The chemistry of the formation seems scarce infe- 
rior in interest to its zoology ; but the chemist had 
stiU much to do for Geology, and the processes are 
but imperfectly known. There is no field in which 
more laurels await the philosophical chemist than the 
geological one. I have said that ail the calcareous 
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nodules of the iehthyoHte heda seem to have Iiod oi 
giiially their nucleus of organii: matter. In nine a 
out often the organism can be distinctly traced; a 
in the tenth there is ahnost always something to indi- 
cate where it lay, — an elliptical patch of blaek, or an 
oblong spot, from which the prevailing colour of the 
stone has been discharged, and a lighter hue s 
tut«d. Is the reader acquainted with Mr Fepys' • 
cidental esperiment, as related by Mr Lyell, and r 
corded in the first volume of the Geological Trataac- 
t'lont? It affords aa interesting proof that animal 
matter, in a state of putrefaction, proves a powerful 
agent in the decompositiou of mineral substances held 
in solution, and of their consequent precipitation. An 
earthen pitcher, containing severul quarts of sulphate 
of iron, Lad been suflered to remain imdiatorbed and 
unejcamined, in a comer of Mr Pepya' laboratory, for 
about a twelvemonth. Some luckless mice had mean- 
while nlen into it and been drowned ; and when ii 
at length came to be examined, an oily scum and a 
yellow Bulphurous powder, mixed with hairs, werp 
seen flouting on the top, and the bones of the mice 
discovered lying at the bottom ; and it was found, thai 
over the decaying bodies the miuenil components of 
the fluid had been separated and precipitated in a 
dark-coloured sediment, consisting of grains of pyritts 
and of sulphur, of copperas in its green and cryatBlline 
fjrm, and of black oxide of iron. The animal and 
mineral matters had mutuaUy acted upon oni 
and the Tnetallie sulphate, deprived of ils c 
the process, had thus cast down its ingredients. 
would seem that over the putrefying bodies of the St 
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«f the Lower Old Red Sandstone the water had depo- 
sited, in like manner, the lime with which it was 
charged ; and hence the calcareous nodules in which 
we find their remains inclosed. The form of the no- 
dule almost invariablj agrees with that of the ichthjo- 
lite within : it is a coffin in the ancient Egyptian style. 
Was the ichthyolite twisted half round in the con- 
torted attitude of riolent death ? the nodule has also 
its twist ; did it retain its natural posture ? the nodule 
presents the corresponding spindle form ; was it bro- 
ken up, and the outline destroyed ? the nodule is flat- 
tened and shapeless. In almost every instance the 
form of the organism seems to have regulated that of 
the stone. We may trace, in many of these concre- 
tionary masses, the operations of three distinct princi- 
ples, all of which must have been in activity at one 
and the same time. They are wrapped concentrically 
«ach round its organism : they split readily in^e line 
of the inclosing stratum, and are marked by vta alter- 
nating rectilinear bars of lighter and darker colour ; 
and they are radiated from the centre to the circum- 
ference. Their concentric condition shows the che- 
mical influences of the decaying animal matter ; their 
£ssile character and parallel layers of colour indicate 
the general deposition which was taking place at the 
time ; and their radiated structure testifies to that law 
of crystalline attraction, through which, by a wonder- 
ful masonry, the invisible but well-cut atoms build up 
their cubes, their rhombs, their hexagons, and their 
pyramids, and are at once the architects and the ma- 
terials of the structure which they rear. 

Another and very diflx)rent chemical effect of orgar- 

R 
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nic matter may be Temarked in the darker-colot 

arenaceoua deposits of the formation, and occasioi 
in the stratified eiays and nodules of the iehthyoKtfi 
bed. Ill a print-work the whole web is frequently 
thrown into the Tat and dyed of one cohiar ; but there 
afterwards comes a diacharging proeess : some che- 
mical mixture is dropped on the fabric ; the dye 
appears wherever the mixture touches ; and in l( 
and sprigs, and patches, according to the printer's ps^ 
tern, the cloth assumes ils original white. Now the 
coloured deposits of the Old Bed Sandstone have, in 
like manner, been subjected to a discharging process. 
The dye has disappeared in oblong or circular patches 
of rarious sizes, from the eighth of an inch to a foot 
in diameter ; the ori^nal while has taken its place ; 
and so thickly are these speckles grouped in some of 
the darker-tinted beds, that the surfeces, where washed 
by the |ea, present the appearance of sheets of cnlieo. 
The discharging agent was organic matter ; the im- 
coloured patches are no mere surface films, for, whea 
cut at right angles, their depth is (bund to correspond 
with (heir breadth, the circle is a sphere, the eihpsia 
forms the section of an egg-shaped body, and in the 
centre of each we generaOy find traces of the organiam 
ill whose decay it originated. I have repeatedly found 
single scales, in the ichthyohte beds, surrounded by 
uncoloured spheres about the size of musket-bullets. 
It is well for the young geologist carefully to 
such appearances, — to trace them through the 
instances in which the organism may he recogni 
and identified, to those in which its last vestiges 
disappeared. They are the hatchments of the geolc 
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Tical world, and indicate that life once existed where 
ill other record of it has perished.* 

It is the part of the chemist to tell us hy what pe- 
culiar action of the organic matter the dye was dis- 
charged in these spots and patches. But how was the 

* Some of the clay slates of the primary formations abotmd 
in these eircnlar uncolonred patches, bearing in their centres, 
like the patches of the Old Red Sandstone, half-obliterated 
nuclei of black. Were they too once fossiliferons, and do 
these blank erasures remain to testify to the fact 1 I find the 
organic origin of the patches in the Old Red Sandstone re- 
marked by Professor Fleming as early as the year 1830, and 
the remark reiterated by Dr Anderson of Newborgh in nearly 
the same words, but with no acknowledgment, ten years later. 
The following is the minute and singularly faithful descrip- 
tion of the Professor : — 

** On the surface of the strata in the lower beds, circular 
spots, nearly a foot in diameter, may be readily perceived by 
their pale-yellow colours, contrasted with the dark-red of the 
surrounding rock. These spote, however, are not, as may at 
first be supposed, mere superficial films, but derive their cir- 
cular form from a coloured sphere to which they belong. This 
sphere is not to be distinguished from the rest of the bed by 
any difference in mechanical structure, but merely by the ab- 
sence of much of that oxide of iron with which the other por- 
tion of the mass is charged. The circumference of this colour- 
ed sphere is usually well defined ; and at its centre may always 
be observed matter of a darker colour, in some cases disposed 
in concentric layers, in others of calcareous and crystalline 
matter, the remains probably of some vegetable or animal or- 
ganism, the decomposition of which exercised a limited influ- 
ence on the colouring matter of the surrounding rock. In 
some cases I have observed these spheres slightly compressed 
at opposite sides, in a direction parallel with the plane of stra- 
tification, — the result, without doubt, of the subsidence or con- 
traction of the mass, after the central matter or nucleus had 
ceased to exercise its influence." — ( Cheek* s Edinburgh Jour- 
nai, Feb. 1831, p. 82.) 



dye itaelf procured f From wLat source was the im- 
menae amount of iron derived, which gives to nearly 
five-sistha of the Old Ited Saudatone the characteris- 
tic colour to which it owes its uame ? An examina- 
tion o£ its lowest member, the great conglomerate, 
suggests a solution of the i^uer)'. I hare adverted to 
the large proportion of red-coloured pebbles which 
this member contains, and, among the rest, to a red 
granitic gneiss, which must have been exposed over 
wide areas at the time of its deposition, and which, 
afker the lapse of a period which extended from at 
least the times of the Lower Old Red to those of 
the Upper Oolite, was again thrust upwards to the 
surface, to form the rectilinear chain of precipitous 
eminences to which the hills of Cromarty and of N^ 
belong. This rock is now almost the sole r 
tive, in the north of Scotland, of the ancient r 
whence the materials of the Old Red Sandstone w 
derived. It abounds in hiemaric iron-ore, difFused ffi 
a component of the stone tliroughout the entire ma^ 
and which also occurs in it in ponderous insulatcil 
blacks of great richness, and in thin thread-like vein;. 
When ground down, it forms a deep red pigment, mi- 
distinguishable in tiqt from the prevailing colour of 
the Sandstone, and which leaves a stain so difficult la 
be effaced, that shepherds employ it in some parts of 
the Highlands for marking their sheep. Every rawer 
fragment of the rock hears its hiematic tinge ; anil 
were the whole ground by some mechanical process 
into sand, and again consolidated, the produce of tbv 
experiment would be undoubtedly a deep red sand- 
stone. In an upper member of the lower forma- 
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tion, — ^that immediately over the ichthyolite beds, — 
different materials seem to have been employed. A 
white quartzy sand and a pale-coloured clay form 
the chief ingredients; and though the ochry-tinted 
colouring matter be also iron, it is iron existing in a 
different condition, and in a more diluted form. The 
oxide deposited by the chalybeate springs which pass 
through the lower members of the formation, would 
give to white sand a tinge exactly resembling the 
tint borne by this upper member. 

The passage of metals from lower to higher for*- 
mations, and from one combination to another, con- 
stitutes surely a highly interesting subject of inquiry. 
The transmission of iron in « chemical form, through 
chalybeate springs, from deposits in which it had been 
diffused in a form merely mechanical, is of itself curi- 
ous ; but how much more so its passage and subset 
quent accumulation, as in bog-iron and the iron of 
the Coal Measures, through the agency of vegeta- 
tion ? How strange, if the steel axe of the wood- 
man should have once formed part of an tocient fo- 
rest ! — ^if, after first existing as a solid mass in a 
primary rock, it should next have come to be dif- 
fused as a red pigment in a transition conglomerate, 
— then as a brown oxide in a chalybeate spring, — 
then as a yellowish ochre in a secondary sandstone, — 
then as a component part in the stems and twigs of a 
thick forest of arboraceous plants, — ^then again as an- 
iron carbonate slowly accumulating at the bottom of a 
morass of the Coal Measures, — then as a layer of in- 
durated bands and nodules of brown ore underlying a 
seam of coal, — ^and then, finally, that it should havr 
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1 this stage, merely a middle place lietween the 
which hare passed, and the changes 
which are yet in come. Crystals of galena Bometimes 
occur in the nodular limestones of the Old Red BonA- 
stonf ; but I am afraid the chemist would find 
cult to fis their probahle genealogy. 

In at least one respect every geological history 
of necessity be unsatisfactory ; and ere I pass to thp 
history of the two upper ti>rmations of the system, the 
reader must permit me to remind him af it. There 
have been individuals, it has heen said, who, though 
they could see clearly the forms of objects, wanted. 
through some strange organic defect, the facnlty of 
pereeiting their disdngnishing colours, however well 
marked these might be. The petals of the rose have 
appeared to (hem of the same sombre hue nith its 
stalk ; and they have regarded the ripe scarlet cherry 
as undistinguishable in tint from, the green leaves 
under which it hung. The (ace of nature to such 
men must hare for ever rested under a cloud ; and ■ 
cloud of similar character hangs over the pictanl^^| 
restorations of the geologist. The history of this anC 
the last chapter is a mere profile drawn in black, — 
an outline without colour, — in short, such a chronicle 
of past ages as might be reconstructed, in the lat?k of 
other and ampler materials, from tombstones and char- 
neI-hous«. I have had to draw the portrait fr( 
skeleton. My specimens show the general ft 
the creatures I attempt to desciibe, and not a 
their more marked peculiarities ; but many 
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nicer elegancies are wanting ; and the ^' complexion 
to which they have come" leaves no trace by which to 
discover the complexion they originally bore. And 
yet colour is a mighty matter to the ichthyologist. The 
*' fins and shining scales" — " the waved coats, dropt 
with gold" — the rainbow-dyes of beauty of the watery 
taibes, — are connected often with more than mere ex- 
ternal character. It is a curious and interesting fact, 
that the hues of splendour in which they are bedecked 
are, in some instances, as intimately associated mth 
their instincts — with their feelings, if I may so speak 
— as the blush which sufiiises the human countenance 
is associated with the sense of shame, or its tint of 
ashy paleness or of sallow with emotions of rage, or 
feelings of a panic terror. Pain and triumph have 
each their index of colour among the mute inhabitants 
of our seas and rivers. Poets themselves have be- 
wailed the utter inadequacy of words to describe the 
varying tints and shades of beauty with which the 
agonies of death die the scales of the dolphin, and 
how every various pang calls up a various suffusion of 
splendour.* Even the common stickleback of our 
ponds and ditches can put on its colours to picture its 
emotions. There is, it seems, a mighty amoimt of 

* The description of Falconer must be familiar to every 
reader, but I cannot resist quoting it. It shows how minutely 
the sailor poet must have observed. Byron tells us how 

" Parting day 
Dies like the dolphin, whom each pang embues 
With a new colour, as it gasps away. 
The last still loveliest, till~*tis gone, and all is gray." 
Falooner« in anticipating, reversed the simile. The huge ani- 
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But of colour, as I have aaid^ though thus import- 
ant, the ichthyologist can learn almost liothing from 
Geology. The perfect restorations of even a Cuyier 

earious account of the pngnaceong propensities of these little 
animals. ' Having at yarions times,* says a correspondent, 
' kept these little fish during the spring and part of the sum- 
mer months, and paid close attention to their habits, I am 
enabled from my own experience to Touch for the facts I am 
about to relate. I have frequently kept them in a deal tub, 
about three feet two inches wide, and about two feet deep. 
When they are put in for some time, probably a day or two, 
they swim about in a shoal, apparently exploring their new 
habitation. Suddenly one will take possession of i^e tub, or, 
as it will sometimes happen, the bottom, and will instantly 
commence an attack upon his companions ; and if any of them 
venture to oppose his sway, a regular and most furious battle 
ensues. They swim round and round ea(^ other with the 
greatest rapidity, biting (their mouths being well furnished 
with teeth), and endeavouring to pierce each other with their 
lateral spines, which on this occasion are projected. I have 
Witnessed a battle of this sort which lasted several minutes 
before either would give way ; and when one does submit, 
imagination can hardly conceive the vindictive fury of the 
conqueror, who, in the most persevering and unrelenting way, 
chases his rival from one part of the tub to another, until 
fairly exhausted with fatigue. From this period an interest- 
ing change takes place in the conqueror, who, from being 
a speckled and greenish-looking fish, assumes the most beauti- 
ful colours ; the belly and lower jaws becoming a deep crim- 
som, and the back sometimes a cream-colour, but generally 
a fine green ; and the whole appearance full of animation 
and spirit. I have occasionally known three or four parts of 
the tub taken possession of by these little tyrants, who guard 
their territories with the strictest vigilance, and the slightest 
invasion brings on invariably a battle. A strange alteratioB 
immediately takes place in the defeated party ; his gallant 
bearing forsakes him, — his gay colours fade away,— he be- 
comes again speckled and ugly,— and he hides his disgrace 
among his peaceable companions." 
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are blank outliues. We just know by a wond( 
accident tLat the Siberian elephant yraa red. 
few of the original tints still remain among the fc 
of our north-country Lias. The ammonite, 
struck fresh fi^m the surrounding lime, reflects 
prismatic colours, as of old ; a huge modiola still 
tains its tinge of tawny and yellow ; and thefossili 
wood of the formaticm. preserves a sliade of the 
tint, though darkened info broivn. But there i 
sidemhly less of colour in the fossils of the Old Red 
Sandstone. I have caught, and barely caught, 
some of the newly disinterred specintens, the fitint and 
evanescent reflection of a tinge of pearl ; and were 
acquainted with my own collection only, Jmaginatii 
borrowing from tLe prevailing colour, would be 
to people the ancient oceans in which its forms existed 
with swarthy races esclusively. But a view of the 
Altyre fossils would correct the impression. They 
M^ inclosed, like those of Cromarty, in nodules of an 
argillaceous limestone. The colour, however, from 
the presence of Iron and the absence of bitumen, is 
different. It presents a misture of gray, of pink, and 
of brown ; and on this ground the fossil is spread 
out in strongly-coatrasted masses of white and dark 
red, of blue and of purple. Where the eiuviat he 
thickest, the white appears tinged with delicate blue, — 
the bone is but httle changed. "Where they are spread 
out more thinly, the iron has pervaded them, and the 
purple and deep red prevail. Thus the same ichthy- 
ohte presents, in some specimens, a body of white and 
plum-blue attached to fins of deep red, and with dfr^ 
tached scales of red and of purple lying 
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around it. I need hardly add, howeyer, that all this 
variety of colouring is, like the unvaried hlack of the 
Cromarty specimens, the result merely of a curious 
chemistry. 
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CHAPTER XIV. 



The CoTDBtoTie Formation uid its Organisms. — Dwarf V«gl 
tation. — Ciphalaapidei.'—llaga Lobster.-^ Habitats of tl 
existing CrastMeO.— No Unapt Representation of tbe Q 
posit of Balmdder;, fntniahed by a land-locked B&r a 
the Neighbourbuod of Cromarty. — Vast Space occupied If 
the Geologioal Formations.— Contrastad with the hair-fonn- 
ed Deposits which represent the existing Creation. — Infer- 
ence — The FonaatioD of the //afopfycAiui.— Probabte Origio 
of its Siliceous Limestone.— Marked Increase in the BdlkDt_ 
tbo Eiisteaces of the Sjsteni.— Conjeotnral Canse,- 
Coal Meaiures The Limestones of DurdiehonHi. — Cc 



The cUTtaia rises, ajid ibe scene is new. The n 
riads of the lower formation have disappeared, and if 
are surrnimded, on an upper platform, by the e 
res of a later creation. There is aea all around, as 
before ; and we find beneath, a dark-coloured muddy 
bottom, thickly covered by a. dirarf vegetation. The 
circumstances differ little from those in which the ich- 
thyolite beds of the preceding period were deposited; 
but forms of life, essentially different, career through 
the green depths, or creep over the ooze. Shoala of 
Gyihalaspidia, with their Iffoad arrow-hke heads and 
their slender angular bodies, feathered with fins, s 
past like clouds of crosa-how holts in an ancient b 
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tie. We see the distant gleam of scales, but the forms 
are indistinct and dim : we can merely ascertain that 
the fins are elevated by spines of various shape and 
pattern ; that of some the coats glitter with enamel ; 
and that others, — ^the sharks of this ancient period, — 
bristle over with minute thorny points. A huge crus- 
tacean, of uncouth proportions, stalks over the weedy 
bottom, or burrows in the hollows of the banks. 

Let us attempt bringing our knowledge of the present 
to bear upon the past. The larger Crustacea of the 
British. seas aboimd most on iron-boimd coasts, where 
they find sheltering places in the deeper fissures of 
sea-difis covered up by kelp and tangle, or under the 
lower edges of detached boulders, that rest unequally 
on uneven platforms of rock, amid forests of the 
rough-stemmed cuvy. We may traverse sandy or 
muddy shores for miles together, without fining a 
single crab, unless a belt of pebbles lines the upper 
zone of beach, where the forked and serrated fuqj 
first appears, or a few weed-covered fragments of rock 
here and there occur in .groupes on the lower zones. 
In this formation, however, the bottom must have 
beesi formed of mingled sand and mud, and yet the 
Crustacea were abundant. How accoimt for the fact ? 
There is, in most instences, an interesting conformity 
between the character of the ancient rocks, in which 
we find groupes of peculiar fossils, and the habitats of 
those existences of the present creation which these 
fossils most resemble. The fisherman casts his nets 
in a central hollow of the Moray Frith, about thirty 
fathoms in depth, and draws them up foul with mass- 
es of a fetid mud, charged with multitudes of that 
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curious purple-coloured zoophile the sea-pen, i 
riab!; un iiiliabitant of such reeesaea. The gra 
lite of the moat ancient fossiliferoua root 
istence of unequivocally the same type, occqtb 1 
most abundance in a finely-levigated mudstone, i 
it too was a dweller in the mud. In like I 
we may find the ancient modiola of the Lias in h 
hitatB analogous to those of its modem represenld 
tive the muscle, and the encrinite of the Mounta 
Lime§tone fast rooted to its rocky platform, just as 
we may see the Helianthoida and Ascidioida of our 
seaa fixed to their boulders and rocky skerries. But 
is not analogy at fault in the present instance i Quite 
the reverse. Mark how thickly these carbonaceous 
impressions cover the muddy-coloured and fissile sand- 
stones of the formation, giving evidence of a 
dEuit vegetation. We may learn from these obsc 
markings, that the place in which tliey grew t 
liave been no unfit habitat tor the crustaceons tribe 
There is a little land-locked bay on the santlM 
shore of the Frith of Cromarty, effectually soreea 
from the easterly winds by the promontory on whi 
the tovvn is built, and but little affected by those j 
any other quarter, from the proximity of the i 
bouring shores. The bottom, tit low ebb, presents a 
vel plain of sand, so thickly covered by the green g: 
weed of our more sheltered sandy bays and estuaries, 
that it presents almost ibe appearance of a meadow. 
The roots penetrate the sand to the depth of nearly 
a foot, binding it firmly together; and as they have 
grown and decayed in it for centuries, it has acqui 
from the disseminated particles of vegetable matter,* 
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deep leaden tint, more nearly approaching to black 
than eren the dark gray mndstones of Bah-nddery. 
Nor is this the only effect : the intertwisted fibres im- 
part to it such coherence, that, where scooped out into 
pools, the edges stand np perpendicular fix)m the water^ 
like banks of clay ; and where these are hollowed into 
caYe-Hke recesses, — and there are few of them that are 
not so hollowed, — ^the recesses remain unbroken and 
unfilled for years. The weeds have imparted to the 
sand a character different firom its own, and have ren- 
dered it a suitable habitat for numerous tribes, which, in 
other circumstances, would hare found no shelter in it. 
Now, among these we find in abundance the larger 
crustaceans of our coasts. The brown edible crab 
harbours in the hollows beside the pools : occasionally 
we may find in them an overgrown lobster, studded 
with parasitical shells and zoophites, — ^proof that the 
creature, having attained its full size, has ceased to 
cast its plated covering. Crustaceans of the smaller 
varieties abound. Hermit-crabs traverse the pools, or 
creep among the weed ; the dark-green and the dingy 
hump-backed crabs occur nearly as firequently; the 
radiata cover the banks by thousands. We find occa- 
sionally the remains of dead fish left by the retreating 
tide ; but the living are much more numerous than 
the dead ; for the sand-eel has suffered the water to 
retire, and yet remained behind in its burrow; and the 
viviparous blenny and common gunnel still shelter 
beside their fiici-covered masses of rock. Imagine 
the bottom of this little bay covered up by thick beds 
of sand and gravel, and the whole consolidated into 
stone, and we have in it all the conditions of the de- 



2H6 THE OLD RED BANBBTONC. ^H 

posit of Balruddery, — a mud-coloured arcoaceoiu da- 
posit abounding in vegetable impressions, and inclos- 
ing numerous remains of crostaceans, fish, and radjata^ . 
as its characteristic organisms of the animal JongcltMiad 
There would be but one circumstance of differenc tftB 
the httle bay abounds in shells ; whereas no aheS*' 
have yet beeu found in the mudstones of Bokuddery, 
or the gray sandstones of the sauie ibrmatioo, which 
in Forfor, Fife, and Moruyshirea represent the Com- 
stone division of the system. 

Ages and centuries passed, but who can sum up 
their number 1 In England the depth of this middle 
formation greatly exceeds that, of any of the other 
two ; in Scotland it is much less amply developed ; but 
in either country it must represent periods of scarce 
conceivable extent. I have listened to the coutrover- 
sies of opposite schools of geologists, wlio from the 
earth's strata extract registers of the earth's age of aa 
amount amazingly dilierent. Une class, regarding the 
geological field as if under the influence of thos« 
principles of perspective wliich give to the cottage in 
{rant more thau the bulk and altitude of the moun- 
tain behind, would assign to the present scene of 
things its thousands of years, but to all the extinct pe- 
riods united merely their few centuries ; while ncttli i 
th^r opponents, the remoter periods stretch c 
into the bygone eternity, and the present scene 
but a narrow strip running along the foregroni 
Both classes appeal to facts ; and, leaving tlien 
their disputes, I have gone out to examine 
for myself. The better to compare tJie present n 
the past, I have regarded the existing scene merely ■ 
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a formation^ — ^not as superficies, but as depth ; and 
Ixaye sought to ascertain the extent to which, in dif- 
ferent localities, and under different circumstances, it 
has overlaid the surface. 

The slopes of an ancient forest incline towards a 
river that flows sluggishly onwards through a deep al- 
luvial plain, once an extensive lake. A recent land- 
slip has opened up one of the hanging thickets. Up- 
rooted trees, mingled with bushes, lie at the foot of 
the slope, half-buried in broken masses of turf; and 
we see above, a section of the soil from the line of ve- 
getation to the bare rock. There is an under belt of 
clay and an upper belt of gravel, neither of which con- 
tains any thing organic ; and overtopping the whole 
we may see a dark-coloured bar of mould, barely a 
foot in thickness, studded with stumps and interlaced 
with roots. Mark that narrow bar: it is the geo^ 
logical representative of six thousand years. A stony 
bar of similar appearance runs through the strata of 
the Wealden : it too has its dingy colour, its stumps, 
and its interlacing roots ; but it iforms only a very in- 
considerable portion of one of the least considerable 
of all the formations, and yet who shall venture to 
say that it does not represent a period as extended 
as that represented by the dark bar in the ancient 
forest, seeing that there is not a circimistance of dif- 
ference between them ? 

We descend to the river side. The incessant ac- 
tion of the current has worn a deep channel througli 
the leaden-coloiD?ed silt ; the banks stand up per- 
pendicularly over the water, and downwards, for 
twenty feet together, — for such is the depth of the de- 
s 
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posii, we may trace layer after layer of reeds, and 
flags, and fragments of driftwood, and find here and 
there & few fresh-water shells of the exiating species. 
In this locality six thousand years are represented hy 
twenty feet. The depth of the variouB fossiliferous 
formatioRs united is at least fifteen hundred times as 
great. 

We pursue our walk, and pass throu^ a moi 
Tiiree tiers of forest-trees appe^ in the section 
open hy the stream, the one above the olher, 
lying these there is a congeries of the rei 
ttijuBtic plants, which must have grown and deca^ 
ed on tbe spot for many ages after the soil had so 
changed that trees could he produced by it no longer ; 
and over the whole there occur layers of mosses, that 
must hare found root on the surface after the 
(ers had heen drained away by the deepening 
of the river. The six thousand years are here 
presenied hy that morass, its three sacceeduDg fbi 
il3 heds of aquatic regetation, its hands 
the thin stratum of soil which overlies the wl 
Well, but it forms, notwilhstanding, only the mere be- 
ginning of a formation. Pile up twenty such morasses, 
the one over the other ; separate them by a hundred 
such bands of alluvial silt as we hare Just esamined 
a little higher up the stream ; throw in some forty or 
lifiy thick beds of sand to swell the amount; and the 
whole together will but harely equal the Coal Mea- 
sures, — one of many formations. 

But the marine deposits of the present creation have 
been perhaps accumulating more rapidly than those 
our lakes, forests, or rivers ? Yes, unqueslionablv, 
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friths and estuaries, in the neighbourhood of streams 
that drain vast tracts of country, and roll down the soil 
and clay swept by the winter rains from thousands of 
hillnsides ; but what is there to lead to the formation 
of sudden deposits in those profounder depths of the 
sea, in which the water retains its blue transparency 
all the year round, let the waves rise as they may ? 
And do we not know that along many of our shores 
the process of accumulation is well nigh as slow as 
on the land itself? The existing creation is represent- 
ed in the little land-locked bay, where the Crustacea 
harbour so thickly, by a deposit hardly three feet in 
thickness. In a more exposed locality, on the oppo- 
site side of the promontory, it finds its representative 
in a deposit of barely nine inches. It is surely the 
present scene of things that is in its infancy ! Into 
how slender a bulk have the organisms of six thousand 
years been compressed ! History tells us of popu- 
lous nations, now extinct, that flourished for ages : 
do we not find their remains crowded into a few 
streets of sepulchres ? 'Tis but a thin layer of soil that 
covers the ancient plain of Marathon. I have stood 
on Bannockbum, and seen no trace of the battle. In 
what lower stratum shall we set ourselves to discover 
the skeletons of the wolves and bears that once in- 
fested our forests ? Where shall we find accumula- 
tions of the remains of the wild bisons and gigantic 
elks, their cotemporaries ? They must have existed 
for but comparatively a short period, or they would 
surely have left more marked traces behind them. 

When we appeal to the historians, we hear much of 
a remote antiquity in the history of man : a more than 
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tnUiglit gloom pervades the eailier periods ; and the 
distances are esaggerated, as objects appear large in 
a fog. We measure too by a minute scale. There 
is a tacit reference to the three score and ten years of 
humftn life ; and its term of a day appears long to the 
e]iheniera. We turn from the historians to tlie pro- 
]ihe(s, and find the dissimilarity of style indicating a 
different speaker. Ezekiefa measuring-reed is gra- 
(Tualed into cubits of the temple. Tlie vast periods 
of the short-lived historian dwindle down into weeks 
and davs. Seventy ivetks indicated to Daniel, in the 
first year of Darius, the time of the Measiali'a coming. 
Three years and a half limit the (eiiu of the Makom- 
raedan delusion. Seventeen years have not yet gone 
by since Adam first arose Irom Ihc mould ; nor has 
the race, as such, attained to the maturity of even 
furly manhood. But while prophecy sums up merelv 
iieeJra and davs when it refers to the past, it looks 
forward into the fiiture, aud speaks of a thousand 
years. Are scales of uneqaally-graduated parts ever 
used in measuring difi'trcnt portions of the same map 
or section, — scaJes so very unequally graduated, thai 
ivhile the parts in some places expand to the natural 
size, they are in others more than three hundi 
diminished? If not, — for what save inextricable coa- 
fusion would result from their use, — how avoid 
conclusion, that the typical scale employed in 
same book by the same prophet represents simHsC' 
quantities by corresponding parts, whether appUed In 
times of outrage, delusion, and calamity, or sot oft" 
against that long and huppy period in which the 
Eptrit of evil shall be buuud in chiuiia uud darl 
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and the kingdom of Christ shall have come ? And 
if such be the case, — if each of the thousand years of 
the fixture represents a term as extended as each of 
the seyenteen years of the past, — if the present scene 
of things be thus merely in its beginning, — should we 
at all wonder to find that the formation which repre- 
sents it has laid down merely its few first strata ? 

The curtain again rises. A last day had at length 
come to the period of the middle formation ; and in 
an ocean roughened by waves and agitated by cur- 
rents, like the ocean which flowed over the conglo- 
merate base of the system, we find new races of ex- 
istences. We may mark the clumsy bulk of the Ho- 
loptychius conspicuous in the group ; the shark fa- 
mily have their representatives as before ; a new va- 
riety of the Pterichthys spreads out its spear-like 
wings at every alarm, like its predecessors of the lower 
formation ; shoals of fish of a type more common, but 
still imnamed and undescribed, sport amid the eddies ; 
and we may see attached to the rocks below, substan- 
ces of uncouth form and doubtful structure, with which 
the oroctyologist has still to acquaint himself. The 
depositions of this upper ocean are of a mixed cha- 
racter : the beds are less uniform and continuous than 
at a greater depth. In some places they consist ex- 
clusively of sandstone, in others of conglomerate ; and 
yet the sandstone and conglomerate seem, from their 
firequent occurrence on the same platform, to have 
been formed simultaneously. The transporting and 
depositing agents must have become more partial 
in their action than during the earHer period. They 
had their foci of strength and their circumferences 
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as ; and while the heaxier pebbi 
c the conglomerale were 
af fceiqg depentcd in the foci, the lighter sand whieli 
MBpoan the Esnlstmie fnis settling in diose outtr 
sfcirb bf whicb the fbci ivere sorrouDded. At this 
e,l(M,dwR are unequiTocal marks, in tbeaorthem 
i, of extOHiTc denudation. The older strata 
waj ui H>Be places to a considerable depth, 
T statm of the same formation deposited tui- 
» diem. There must have been par- 
tial (^beavings ud depre^ona, rorresponding witli 
the pattal diaractcr of the depositions ; and, as a oe- 
K^BMJ c^neqoenoe, freqnmt shiftings of correnls. 
Tfe oem^ tDOy aeons to have lessened its general 
4^d^ and tfae faottom to hare lain more exposed to 
tW inSiMuue of the waves. And hence one caiue. 
added to tlie porous nature of the matrix and the dif- 
fieed oxide, of the detached, and, if I may so expres 
mnelC churdi-rard character of its organisms. 
Ahore the blended conglomerates and sani 
of this band a deposition of lime look place. 
Btal springs, charged ivith calcareous matter sligl 
nixed nith tilex. seem lo hare abounded, during ' 
fOtiod whi A it represents oter widely-estended 
1 boice probably its origin. An increase of heal 
a bmeath, through some new aetiTitr imparted In 
A Plutonic agencies, would be of itself sufGcient to 
the formation. I hare resided 
ich almost every spring was charged » 
calcareous earth ; but in cisterns or dtaw-nells, I 
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place. With boilers and tea-kettles, lioweyer, the 
case was different. The agency of heat was brought 
to operate upon these ; and their sides and bottoms 
were corered, in consequence, with a thick crust of 
lime. Now, we haye but to apply the simple prin- 
ciples on which such phenomena occur, to account 
for widely-spread precipitates of the same earth by 
either springs or seas, which at a lower temperature 
would have been actiye in the formation of mechani- 
cal deposits alone. The temperature sunk gradually 
to its former state ; the purely chemical deposit ceased ; 
the waters became populous as before with animals of 
the same character and appearance as those of the 
upper conglomerate ; and layer after layer of yellow 
sandstone, to the depth of several hundred feet, were 
formed as the period passed. "With this upper depo- 
sit the system terminated. 

Though fish still remained the lords of creation, 
and fish of apparently no superior order to those 
with which the vertebrata began at least three for- 
mations earlier, they had mightily advanced in one 
striking particular. If their organization was in no 
degree more perfect than at first, their bulk at least 
had become immensely more great. The period had 
gone by in which a mediocrity of dimension charac- 
terized the existences of the ancient oceans, and fish 
armed offensively and defensively with scales and 
teeth scarcely inferior in size to the scales and teeth 
of the gavial or the alligator, sprung into existence. 
It must have been a large jaw and a large head that 
contained, doubtless among many others, a tooth an 
inch in diameter at the base. I may remark, in the 
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jiaieing;, that most of ihe teeth foond in tlie several ft 
nialions of ihe system are not instnm 
tiun. but, like those in moet of the existing fish, n 
hooks for penetrating slippeay substances, aoA t 
holding them fast. The mde angler who first (ashiisi 
- -vl a erooked bone, or a bit of natiTe silver o 
info a hook, might have found his inventio 
paled in the jaws of tlic first fish he drew ashore I 
its means ; and ne find the hook-structure as o 
plete in the earlier ichthrolites of the Old Red Sand- 
stone, as in the &sh that exist now. Tlie evidence of 
Ihe geologist is of necessity circumstantial evidence, 
and he need look for none other ; but it is interesting 
to olwerve how directly the separate facta bear, i 
nianr euunpleii, on one and the same poinL 
hooked and slender teeth teU exactly the a 
nilh the undigested scales in the fcecal remoias 4 
luded to in an early chapter. 

In what eould this increase in bulk hare ongina 
I'd ! Is there a high but yet compiuutiTely niedioi 
■(.■uipntitnre in which animals attiiin their greata 
MKc. and corresponding gradatJons of Oescent o: 
stilts, whether we iucreuse the heat until we rearb 
■he point at which life can no longer exist, or diminish 
il until we iirrive at the same result from intensity 4| 
cold ? The line of existence bisects on both sides til 
line of extinction. May it not probably form a 
descending equally from an eleraled ( 
points of bisection on the level of death I But what- 
ever may have been the cause, the change liuniih- 
«s another instance of analogy between the } 
of individuals and uf onlers. The sharlc and I 
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sword-fish begin to exist as little creatures of a span 
in length ; they expand into monsters whose bodies 
equal in hugeness the trunks of ancient oaks ; and 
thus has it been with the order to which they belong. 
The teeth, spines, and palatial bones of the fish of 
the Upper Ludlow Rocks are of almost microscopic 
minuteness ; an invariable mediocrity of dimension 
characterizes the ichthyolites of the Lower Old Red 
Sandstone ; a marked increase in size takes place 
among the existences of the middle formation ; in the 
upper the bulky HoloptychiiLS appears ; the close of 
the system ushers in the still bulkier Megalichthys ; 
and low in the Coal Measures we find the ponderous 
bones, buckler-like scales, and enormous teeth of an- 
other and immensely more gigantic HohptychiuSy — 
a creature pronounced by Agassiz the largest of all 
osseous fish.* We begin with an age of dwarfs, — we 
end with an age of giants. The march of Nature is 
an onward and an ascei)ding march ; the stages are 
slow, but the tread is stately ; and to Him who has 
commanded, and who overlooks it, a thousand years 
are as but a single day, and a single day as a thou- 
sand years. 

* There have been fish-scales found in Bardiehouse, five 
inches in length by rather more that four in breadtli, and of 
such strength that, in their original state, a musket-ballet 
would have rebounded flattened from their enamelled planes, 
as from the scales of the crocodile or the hide of the rhinoce- 
ros. Of the gigantic Iloloptychius of this deposit we have 
still much to learn. The fragment of a jaw, in the possession 
of the Royal Society of Edinburgh, which belonged to an in- 
dividual of the species, is 18^ inches in length ; and it is fur- 
nished with teeth, one of which from base to point measuretr 
five inches, and another four and a half. 
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We have entered the Coal Measures. For 
mations together, — from the Lower Silurian to 
Upper Old Red Sandstone, — our course Liis Iain 
oceuas witLout a visible shore, though, lilce Colu 
in his voj'age of discovery, we have now and 
found a little floating weed, to indicate the approat 
iog coast. The '^vater is fast Ehallotving. Yon< 
passes a hroken liranch, with the leaves still unwithi 
ed ; and there floats a tuft of fern. Land, from 
mast-head ! land ! land ! — a low shore thickly co 
with vegetation. Huge trees of wonderfiil form 
out far into the water. There seems no interrei 
lieach. A thick hedge of reeds, tall as the masts 
pinnaces, runs along the deeper bays, like wate 
at the edge of a lake. A river of vast volume 
roiling from the interior, darkening the water fat 
leagues with its slime and mud, and bearing with it 
to the open sea, reeds, and fern, and cones of the pine, 
and immense floats of leaves, and now and then some 
bulky tree, undermined and uprooted by the current. 
^Ve near the coast, and now enter the opening of the 
stream. A scarce penetrable phalans of reeds, that at- 
tain to the height and well lugh the bulk of fbrest-trees, 
is ranged on either hand. The bright and glossy stems 
seem rodded like Gothic columns ; the pointed lea< 
stand out green at every joint, tier aliove tier, 
tier resembling a coronal wreath or an ancient a 
with the rays turned outwards ; and we see atop 
may be either large spikes or calkins. What strange 
forms of v^etable life appear in the forest behind! 
Can tliat be a club-moss that raises its slender height 
for more than fifty feet from the soil ? Or 
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palm-like trees be actually ferns, and these spreading 
branches mere fronds? And then these gigantic 
reeds ! — are they not mere yarieties of the common 
horse-tail of our bogs and morasses, magnified some 
sixty or a hundred times ? Have we arrived at some 
such country as the continent visited by Gulliver, in 
which he found thickets of weeds and grass tail as 
woods of twenty years' growth, and lost himself amid 
a forest of com fifty feet in height ? The lesser vege- 
tation of our own country, its reeds, mosses, and ferns, 
seem here as if viewed through a microscope: the 
dwarfs have sprung up into giants, and yet there ap- 
pears to be no proportional increase in size among 
what are unequivocally its trees. Yonder is a group 
of what seem to be pines, — tall and bulky, 'tis true, 
but neither taller nor bulkier than the pines of Nor- 
way and America; and the club-moss behind shoots 
up its green hairy arms, loaded with what seem cat- 
kins above their topmost cones. But what monster 
of the vegetable world comes floating down the stream, 
— ^now circling round in the eddies, now dancing on 
the ripple, now shooting down the rapid? It re- 
sembles a gigantic star-fish, or an immense coach- 
wheel divested of the rim. There is a green dome- 
like mass in the centre, that corresponds to the nave 
of the wheel or the body of the star-fish ; and the 
boughs shoot out horizontally on every side, like 
spokes from the nave, or rays from the central body. 
The diameter considerably exceeds forty feet ; the 
branches, originally of a deep green, are assuming 
the golden tinge of decay ; the cylindrical and hol- 
low leaves stand out thick on every side, like prickles 




o( tliv nild vasi: «a ilic re«l, fleshy, lance-like shool; 
a jrtiars growlli, that will be covered two sctksu 
with doners and fruit. That stRUigely-funn 
presents no eiiaUng t;^-pe among all the nw 
families of the vegetable kingdom. Tber 
mazing luxnriouce of grnwth all around Uj 
Scarce can the rurreut make way through the thicket 
of aquatic planu that rise thick from the muddy bol 
tou ; and though the sunsfaine fiklls bright on tl) 
upper boughs of the tnngled ibrest beyond, not 
peneirates the more than twilight gloom that hi 
orec Ike marshy platfonu below. The rank ete 
of decaying Tegetation forms a thick blue ha«?, tl 
partially obscures the undemood ; deadly lakes 
carbonic acid gas have accumulated in the hollows 
there ia silence all around, uninterrupted save by 
sudden splash of some reptile fish that has risen to 
sur&Cti IB pursuit of its prey, or when a sudden 
slits the hot iiir, and shakes the fronds of the 
ferns or the ontkins of the reeds. The wide 
ncnt before us is a continent devoid of onimi 
save that its pools and rivers abound in fish and n 
lusta, aud that millions and tens of uiillious of the 
fusory tribes swarm in the bogs and marshes. H 
and there, too, an insect oFstruuge form flutters ami 
the leaves. It is more than prohable that no creat 
furnished with luugs of the more perfect construct 
could have breathed, the almospbere of this early 
riod, aud huve lived. 

Doubts have been entertained whether the lii 
stone of Burdichouse belongs to the Upper Old 1 
Gladstone or to the iulerior Co:il Iileasures. And 
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fact may yet come to be quoted as a very direct proof 
of the ignorance which obtained regarding the fossils 
of the older formation, at a time when the organisms 
of the most of the other formations, both above and 
below it, had been carefully explored. The Lime- 
stone of Burdiehouse is unequivocally and most cha- 
racteristically a Coal-Measure limestone. It abounds 
in vegetable remains of terrestrial or lacustrine growth, 
and these, too, the vegetables common to the Coal- 
Measures, — ferns, reeds, and club-mosses. One can 
scarce detach a fragment from the mass, that has not 
its leaflet or its seed-cone inclosed, and in a state of 
such perfect preservation, that there can be no possi- 
bility of mistaking it« character. If in reality a ma- 
rine deposit, it must have been formed in the imme- 
diate neighbourhood of a land covered with vegetation. 
The dove set loose by Noah bore not back with it a 
less equivocal sign that the waters had abated. Now 
in the Upper Old Red Sandstone, none of these plants 
occur. The deposit is exclusively an ocean deposit, 
and the remains in Scotland, until we arrive at its in- 
ferior and middle formations, are exclusively animal 
remains. Its upper member, " the yeHow sandstone," 
says Dr Anderson of Newburgh, " does not exhibit a 
single particle of carbonaceous matter, — ^no trace or 
film of a branch having been detected in it, though, 
if such in reality existed, there are not wanting op- 
portunities of obtaining specimens in some one of the 
twenty or thirty quarries which have been opened in 
the county of Fife, in this deposit alone.*' No two 
bordering formations in the geological scale have their 
boundaries better defined by the character of their 
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fossils tliau tliti 01(1 lieil Sandstone and tlie Coa 

We pursue our history no (arther. Its after 
is comparatively well known. The huge sauroid 
was succeeded by the equally huge reptile, — the 
tile by the bird, — the bird by the marsupial qUi 
ped. And at length, after races higher in the 
of instmct had taken precedence in succession, the 
of the other, the sagacious elephant appeared, 
lord of that latest creation which inmiediutely pre( 
ed our own. How natural does the thought 
which suggesied itself to the profound mind of Curii 
when indulging in a similar review! Has the last 
scene in the series arisen, or has Deity expended his 
infinitude of resource, and reached the ultimate stage 
of progression at which perfection can e 
philosopher hesitated, and then decided 
tive, for he was too intimately acquainted with 
works of the Omnipotent Creator to think of limitin| 
his power ; and he could, therefore, anticipate a com- 
ing period in which man would havo to resi^ his 
post of honour to some nobler and wiser creature, — 
the monarch of a better and happier world. How 
well it is to be permitted to indulge in the espansion 
of Curier's thought^ without sharing in the melancholy 
of Ciiivier's feeling, — to be enabled to look forward to 
the coming of a new heaven and a new earth, not in 
terror, but in hope, — to be encouraged to believe in 
the system of uuendiitg progression, hut to entertain 
no fear of the degradation or deposition of man ! Thi; 
adorable Monarch of the future, with all its unsummed 
perfection, has already passed into the Leavens, fit 
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of our flesh, and bone of our bone, and Enoch and 
Elias are there with him, — fit representatives of that 
dominant race, which no other race shall ever sup- 
plant or succeed, and to whose onward and upward 
march the deep echoes of eternity shall never cease to 
respond. 



THE END. 
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